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Abreviaturas y acrónimos empleados 
 
En este apartado se detallan las abreviaturas y acrónimos utilizados en esta memoria, 
así como sus correspondientes significados. 
 
ADN: Ácido desoxirribonucleico 
ARN: Ácido ribonucleico 
ATCC: American Type Culture Collection 
Bac303: Grupo de Bacteroides  
Bif164: Grupo de Bifidobacterium spp 
CECT: Colección Española de Cultivos Tipo 
CFU: Unidades formadoras de colonias 
Chis150: Grupo de Clostridium histolyticum  
CMC: Carboximetilcelulosa sódica 
CVD: Enfermedades cardiovasculares 
DAO: Diamino oxidasa 
DAPI: 4,6-Diamidino-2-fenilindol 
DMDC: Dicarbonato de dimetilo 
DMSO: Dimetilsulfóxido 
DO: Densidad óptica 
DP: Grado de polimerización 
ECA: Enzima convertidora de angiotensina 
EDTA: Ácido etilendiaminotetraacético 
EGC: (Epi)galocatequina 
EGCG: Galato de (Epi)galocatequina  
ESI: Ionización por electrospray  
FAO: Organización de las Naciones Unidas para la Alimentación y la Agricultura 
FISH: Fluorescencia con hibridación in situ 
FOS: Fructooligosacáridos 
GRAS: Generally Regarded As Safe 
GSE: Extracto de pepita de uva 
GSE-M: Fracción purificada en monómeros a partir de GSE 
GSE-O: Fracción purificada en procianidinas a partir de GSE 
ISB: Índice específico de bacterias 
Lab158: Grupo de Lactobacillus spp 
 LDL: Lipoproteína de baja densidad 
MALDI: Método de desorción e ionización por láser 
MAO: Monoamino oxidasa 
MCE: Mercaptoetanol 
MRM: Modo de reacción múltiple 
OIV: Organización Internacional de la Viña y el Vino 
OMS: Organización Mundial de la Salud 
OPA: Ortoftaldialdehido 
OTA: Ocratoxina A 
PBS: Tampón fosfato salino 
PCA: Análisis de Componentes Principales 
PCR: Reación en cadena de la polimerasa 
ppm: Partes por millón 
RP-HPLC: Cromatografía de líquidos de alta eficacia en fase inversa  
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I. INTERÉS Y OBJETIVOS 
 
En la actualidad, los consumidores están cada vez más concienciados de la 
importancia que tiene una alimentación equilibrada y segura sobre la salud. Sin 
embargo, ante la amplia oferta de productos e ingredientes alimentarios con 
propiedades saludables, es cada vez más necesario establecer criterios científicos que 
avalen sus propiedades beneficiosas para la salud y seguridad de los consumidores. El 
vino, entendido como alimento (Ley 24/2003, de la Viña y del Vino, B.O.E. Nº 165, 11 
de Julio de 2003), es uno de los componentes de la conocida ‘dieta mediterránea' sobre 
los que más estudios se han realizado.  
 
Como otros productos de origen fermentativo, el vino no está exento de riesgos y 
contaminaciones de origen microbiano. Entre ellos, la presencia de elevadas 
concentraciones de aminas biógenas a es uno de los aspectos de mayor preocupación 
desde el punto de vista de la seguridad y calidad sanitaria de los vinos (Pozo-Bayón y 
col., 2012). En individuos sensibles, el consumo de alimentos ricos en aminas 
biógenas, como histamina y tiramina, se considera un riesgo potencial por sus efectos 
tóxicos. El etanol y otras aminas en el alimento, como la putrescina, pueden potenciar 
los efectos adversos de las aminas en el organismo humano. Por otro lado, la presencia 
de histamina supone una amenaza potencial para el sector enológico en las 
transacciones comerciales a determinados países, que imponen límites a la 
concentración de esta amina en los vinos. En la actualidad no existe ningún 
procedimiento que, aplicado a los vinos, pueda eliminar las aminas biógenas presentes 
sin alterar su calidad.  
 
Los hongos constituyen una excelente fuente de enzimas y metabolitos con 
propiedades biológicas de gran interés en la industria farmacéutica y alimentaria. 
Entre ellas, cabe destacar la producción de agentes antimicrobianos de amplio 
espectro y la producción de actividades enzimáticas amino oxidasa implicadas en la 
degradación de aminas biógenas. A pesar de su interés para el sector enológico, hasta 
el momento ninguna de estas propiedades se ha puesto en evidencia en hongos 
aislados de la vid y otros ecosistemas relacionados.  
 




Entre las propiedades beneficiosas derivadas del consumo moderado de vino, la 
actividad antioxidante ha sido la que ha recibido más interés, especialmente en 
relación a la protección frente a enfermedades cardiovasculares y algunos tipos de 
cáncer. La mayor parte de los estudios sobre las propiedades saludables del vino se 
refieren al grupo de los compuestos fenólicos o polifenoles. Paralelamente, y basado en 
estos hallazgos científicos, se ha constatado un aumento significativo en el diseño y 
comercialización de ingredientes/complementos dietéticos ricos en polifenoles, 
obtenidos de la uva y subproductos vinícolas, de aplicación en alimentación animal y 
alimentación humana (Monagas y col., 2005). Un aspecto menos estudiado respecto a 
la bioactividad de los polifenoles del vino es su interacción con la microbiota humana 
(oral e intestinal), que engloba tanto el efecto de los compuestos fenólicos sobre las 
bacterias como el metabolismo microbiano de los compuestos fenólicos. 
 
El tracto buco-gastrointestinal humano aloja una microbiota muy abundante y 
diversa, dominada por bacterias anaerobias. La cavidad oral, además de las bacterias 
residentes, puede actuar como reservorio de bacterias que causan infecciones del 
tracto respiratorio (Zuanazzi y col., 2010), especialmente en personas con escasa 
higiene bucal y periodontitis. Por otro lado, la microbiota intestinal está constituida 
por una gran diversidad de especies que están sujetas a una gran variabilidad 
interindividual debido a factores como la edad, la dieta, el estrés y determinadas 
enfermedades (Kleessen y col., 2000). Actualmente, existen cada vez más evidencias 
de la influencia que ejerce la microbiota intestinal en la salud del hospedador, la cual 
va a depender en gran medida de los grupos bacterianos que colonicen el intestino. 
Por tanto, mejorar el conocimiento de la microbiota y de la influencia que los 
componentes de la dieta ejercen sobre la misma, permitiría establecer estrategias de 
alimentación que, mediante la modulación de la microbiota intestinal, contribuyan a 
la prevención de ciertas enfermedades. 
 
En base a lo expuesto, nuestras hipótesis de trabajo son las siguientes: 
 
1. El Reino Vegetal constituye una fuente inagotable de hongos con capacidad 
para producir compuestos biológicamente activos. Es por ello que el empleo 
de hongos aislados de la vid, es decir, de un nicho ecológico natural e 
íntimamente relacionado con el vino, constituye una alternativa excelente 




para la búsqueda de actividades biológicas con potencial aplicación en la 
industria alimentaria, incluido el sector enológico. 
 
2. Las interacciones entre polifenoles y microbiota, referidas tanto al 
metabolismo microbiano de los compuestos fenólicos como a los efectos de 
éstos sobre las bacterias pueden contribuir a la prevención de ciertas 
enfermedades, y por tanto mejorar la salud del hombre. 
 
A partir de estas hipótesis, y con el objetivo global de avanzar en el conocimiento 
de cómo el vino puede contribuir al mantenimiento de la salud, la presente Tesis 
Doctoral propone la utilización de hongos aislados de la vid como una nueva 
estrategia natural para minimizar el contenido de aminas biógenas de los vinos y para 
la producción de compuestos antimicrobianos de potencial aplicación en la industria 
alimentaria. Por otro lado, mediante estudios dirigidos a evaluar la capacidad de los 
polifenoles del vino, y de sus metabolitos microbianos, de modular la microbiota 
bacteriana de la cavidad oral y del colon, se pretende aportar nuevas evidencias 
científicas sobre los efectos en la salud humana del consumo moderado de vino. 
 
Para la consecución de este objetivo general, se proponen los siguientes objetivos 
parciales: 
 
- Aislar e identificar hongos del ecosistema de la vid. Evaluar la capacidad de los 
hongos aislados para degradar aminas biógenas en un medio sintético y en 
vinos, y para producir compuestos con actividad antimicrobiana frente a 
microorganismos patógenos de alimentos. 
 
- Evaluar el efecto de compuestos fenólicos del vino y de extractos fenólicos 
procedentes de vino y pepita de uva en el crecimiento de bacterias patógenas de 
la cavidad oral causantes de infecciones respiratorias.  
 
- Evaluar el efecto de flavan-3-oles presentes en el vino y de ácidos fenólicos 
derivados de su metabolismo en el crecimiento de bacterias intestinales 
beneficiosas, inocuas y patógenas. 
 




- Evaluar los cambios en los flavan-3-oles y en sus metabolitos tras la 
fermentación in vitro de un extracto de pepita de uva (GSE) con microbiota 
fecal humana. 
 
- Evaluar los cambios producidos en la población de bacterias intestinales y en el 
perfil de metabolitos fenólicos tras la fermentación in vitro de fracciones de 
pepita de uva ricas en flavan-3-oles con microbiota fecal humana. 
 
- Evaluar los cambios producidos en la población de bacterias intestinales y en el 
perfil de metabolitos fenólicos tras la fermentación in vitro de un extracto de 
vino tinto con microbiota fecal humana. 
 
- Aislar e identificar bacterias fecales tolerantes a extractos fenólicos 
procedentes de vino y pepita de uva. Evaluar la susceptibilidad de las bacterias 
aisladas frente a los extractos fenólicos. 
 
El presente trabajo de investigación ha sido financiado por una Beca Predoctoral de 
Formación de Personal Investigador (FPI) del Ministerio de Ciencia e Innovación 

































II. ANTECEDENTES BIBLIOGRÁFICOS 
II.1. El vino  
 
La definición de vino, según el reglamento del sector vitivinícola de la Unión 
Europea, es “el producto resultante de la fermentación alcohólica total o parcial del 
jugo de uvas sanas y maduras, con un contenido mínimo de 8,5% (v/v) de etanol”. El 
vino es, por tanto, una mezcla hidroalcohólica. Los componentes más abundantes son 
el agua, que proviene de la uva y que se encuentra entorno al 80-85%, según el tipo de 
vino, y el etanol, que se encuentra normalmente en una proporción del 9 al 20% en 
volumen. Además del etanol, también se pueden encontrar otros alcoholes de origen 
fermentativo, entre los cuales el más abundante es la glicerina, que constituye el 
tercer compuesto en orden de importancia después del agua y el etanol. 
Desde el punto de vista químico, el vino es muy rico en componentes de distinta 
naturaleza, entre los que se encuentran fundamentalmente azúcares, alcoholes, 
ácidos, compuestos fenólicos o polifenoles, compuestos nitrogenados, compuestos 
volátiles, lípidos, vitaminas y sales minerales. 
Por otro lado, en el vino también se pueden encontrar coadyuvantes tecnológicos 
y aditivos de uso permitido y generalmente necesarios para su elaboración. Entre los 
compuestos añadidos exógenamente a la uva o al mosto y al vino para favorecer la 
vinificación, o prevenir la aparición de microorganismos indeseables o alteraciones, se 
incluyen sulfitos, enzimas pectolíticas y otros preparados enzimáticos, y compuestos 
presentes en cantidades traza como metales. 
En la actualidad, los consumidores están cada vez más concienciados de la 
importancia que tiene una alimentación equilibrada y segura sobre su salud. Tanto es 
así, que existen diferentes organizaciones, entre las que se encuentran la 
Organización de las Naciones Unidas para la Alimentación y la Agricultura (FAO) y la 
Organización Mundial de la Salud (OMS), encargadas de vigilar que los alimentos que 
llegan al consumidor tengan una calidad saludable. El vino, entendido como un 
alimento (Ley 24/2003, de la Viña y del Vino, B.O.E. Nº 165, 11 de Julio de 2003), se 
encuentra bajo supervisión de la Organización Internacional de la Viña y el Vino 
(OIV), la cual, entre otros objetivos, se encarga de facilitar que los avances científicos 





En el contexto de los efectos saludables del vino, su contenido en etanol es uno 
de los aspectos que más controversia genera, debido a sus conocidos efectos 
toxicológicos. Actualmente, se admite que el consumo moderado de vino (hasta 2 copas 
de vino/día, aproximadamente 250 mL) ejerce un efecto protector y potencia los efectos 
beneficiosos de otros componentes saludables del vino. Por el contrario, una ingesta 
excesiva ocasiona la saturación de los sistemas enzimáticos encargados de eliminar el 
etanol del organismo, provocando distintas reacciones toxicológicas. 
 
El vino, además de su contenido en alcohol, también está formado por 
compuestos beneficiosos, entre los que se encuentran los polifenoles, y por otros menos 
saludables, como son los sulfitos y las aminas biógenas, cuyos niveles deben ser 
controlados con el propósito de obtener un vino de alta calidad y apto para el 
consumidor. Es por ello que gran parte de las investigaciones en este campo vayan 
dirigidas, por un lado a disminuir el contenido de los compuestos potencialmente 
perjudiciales, y por otro a potenciar los efectos saludables de los componentes 
beneficiosos (Moreno-Arribas, 2011). 
 
 
II.2. Compuestos del vino con potenciales efectos negativos sobre la salud 
 
Entre los compuestos que pueden comprometer la calidad sanitaria de los vinos 
se incluyen algunos que proceden de la uva, los cuales pueden aparecer como 
contaminantes (productos fitosanitarios, metales traza y aditivos como los sulfitos), y 
los que tienen origen microbiano, como es el caso de la ocratoxina A, el etil carbamato 




Actualmente en la uva y en el viñedo se utilizan diversos insecticidas, herbicidas 
y fungicidas. Estos últimos son los más utilizados debido a la alta vulnerabilidad de 
las uvas para ser colonizadas por mohos (Plasmopora vitícola, Unicinula necátor y 
Botrytis cinerea entre otros).  
 
A pesar de que es más aconsejable utilizar tratamientos preventivos, el uso 





la salud. No obstante, hay ocasiones en que estos pesticidas pueden llegar al vino, en 
cuyo caso pueden afectar al desarrollo de las levaduras y bacterias lácticas (Cabras y 
Angioni, 2000). Para solventar este problema, se llevan a cabo procesos de 
clarificación y filtración (Fernández y col., 2005).  
 
Aunque todavía no se ha establecido un límite máximo de pesticidas permitido 
en vino, algunos países ya han instaurado una serie de pautas para el correcto uso de 
los pesticidas, y han impuesto un límite máximo en las uvas de vinificación (Flamini y 
Panighel, 2006).  
 
En los últimos años, las investigaciones en este campo tratan de sustituir, en la 
medida de lo posible, la utilización de pesticidas por otros tratamientos que no 
impliquen riesgos para la salud, como es estimular la producción de compuestos con 




Algunos elementos traza desempeñan un papel importante en el proceso de 
elaboración de vino, como es el caso del Zn, que resulta esencial para que se desarrolle 
la fermentación alcohólica, y el Cu, Fe y Mn, que contribuyen a las propiedades 
organolépticas del vino (Riganakos y Velssitas, 2003). 
 
El contenido de minerales en el vino depende de muchos factores, entre los que 
se encuentran el tipo de suelo, variedad de uva, condiciones meteorológicas, 
contaminación y prácticas vitivinícolas. Este contenido puede verse incrementado por 
la utilización de pesticidas y fertilizantes y durante el proceso de elaboración del vino 
(Baluja-Santos y González Portal, 1992). Es por ello que la OIV ha establecido límites 
máximos en la concentración de algunos minerales en el vino, como es el caso del 
arsenito sódico, el plomo y el cadmio, cuyos límites máximos permitidos son 200 
pg/μL, 150 μg/L y10 μg/L, respectivamente. Entre los efectos nocivos para la salud 
derivados del consumo de vinos con un elevado contenido en minerales destaca la 
inactivación de determinados sistemas enzimáticos. 
  
Una de las estrategias que se están utilizando para eliminar metales de 





la quitina (Bornet y Teissedre, 2008), que forma parte de la pared celular de hongos, 
mohos y levaduras. 
 
Dióxido de azufre (SO2) 
 
En los vinos, el dióxido de azufre desempeña diferentes funciones, entre las que 
se encuentran la de antiséptico, antioxidante, y agente clarificante. Su utilización 
durante el proceso de vinificación se lleva a cabo fundamentalmente en tres etapas. 
En la primera, se añade en las uvas o en el mosto durante la etapa prefermentativa 
para prevenir la oxidación y rebajar la carga microbiana inicial; más adelante, una 
vez finalizados los procesos de fermentación y previa a las etapas de crianza o 
conservación de los vinos, para así inhibir el crecimiento de microorganismos 
alterantes; y por último, inmediatamente antes del embotellado, con objeto de 
estabilizar los vinos e impedir cualquier alteración dentro de las botellas. 
 
En la actualidad, la adición de SO2 durante el proceso de vinificación resulta 
esencial, no obstante, su empleo está estrictamente regulado, debido a que a dosis 
elevadas puede dar lugar a modificaciones organolépticas en el producto final y puede 
tener efectos adversos sobre la salud de aquellos consumidores sensibles a los sulfitos 
(García-Ruíz y col., 2008). 
 
La dosis máxima autorizada por la OIV es de 150 a 400 mg/L de SO2 total 
dependiendo del tipo de vino y de su contenido en materias reductoras. Por otro lado, 
la Unión Europea (Reglamento Comunidad Europea nº 1493/1999 y 1622/2000) 
establece que los límites del contenido total de SO2 en los vinos tintos no podrán 
exceder de 160 mg/L, y en blancos y rosados, de 210 mg/L. Por otra parte, en Estados 
Unidos, Sudáfrica y también en la Unión Europea (del 26 de noviembre de 2005, 
Reglamento nº 1991/2004), la legislación obliga a los elaboradores, a señalar la 
presencia de sulfitos en el etiquetado de los vinos, siempre y cuando su nivel exceda 
de los 10 mg/L. 
 
En los últimos años, existe una tendencia a reducir progresivamente los niveles 
máximos de SO2 autorizados en los mostos y en los vinos. Aunque todavía no existe 
ningún compuesto que puede desplazar al SO2 en todas sus propiedades enológicas, 





sustituir o al menos complementar la acción del SO2, permitiendo la reducción de su 
nivel en los vinos.  
 
En lo que se refiere a productos con reconocida actividad antimicrobiana, y que 
por tanto se utilizan como una alternativa al empleo de SO2, destacan el dicarbonato 
de dimetilo (DMDC) (Divol y col., 2005), la lisozima (Bartowsky, 2003). Otros 
tratamientos como los basados en el empleo de péptidos como las bacteriocinas 
(Navarro y col., 2002) están todavía en fase de estudio y/o experimentación. Sin 
embargo, el empleo de algunos de ellos, como es el caso de la lisozima, se ha visto 
limitado debido a los altos costes para su aplicación, así como por desencadenar 
reacciones alérgicas en consumidores sensibles. Otros como la nisina (bacteriocina), 
aunque han demostrado su eficacia en la inhibición del crecimiento de bacterias 
lácticas del vino (Radler, 1990) así como de bacterias acéticas y algunas levaduras 





La ocratoxina A (OTA) es una micotoxina con una incidencia elevada en un 
amplio abanico de productos alimentarios, entre los que se encuentran los cereales, el 
café, algunas salsas, el cacao, los frutos secos, la carne, la cerveza y el vino tinto.  
 
Esta micotoxina está considerada como posible carcinogénico en humanos 
(IARC, 1993). En animales se ha visto que tiene efectos nefrotóxicos, teratogénicos, 
hepatotóxicos e inmunotóxicos que podrían ser extensivos también a humanos 
(Zimmerli y Dick, 1996). Como consecuencia de estos efectos, para el vino y los 
productos procedentes de las uvas la Comisión Europea ha fijado un límite máximo 
permitido de 2 μg/L de OTA (EC Nº 123/2005). 
 
La OTA es un producto del metabolismo secundario de varias especies de 
Aspergillus y Penicillium, principalmente Aspergillus ochraceous y Penicillium 
verrucosum (Chulze y col., 2006). Recientemente, a las especies negras de Aspergillus 
(Aspergillus carbonarius, Aspergillus aculeatus y Aspergillus japonicus) se las ha 






Las estrategias encaminadas a reducir los niveles de OTA en uvas y vides se 
centran en reducir la incidencia de las especies negras de Aspergillus spp. en suelos y 
ramas de la planta, como es la introducción de variedades de vid que sean más 
resistentes a la infección por este hongo. 
 
Por último, respecto a las prácticas enológicas empleadas para disminuir los 
niveles de OTA en los vinos se encuentran la microfiltración (Olivares-Marín y col., 
2008), la utilización de agentes adsorbentes (Kurtbay y col., 2008), de quitina (Bornet 




El etil carbamato, también conocido como uretano, se ha utilizado como 
antiséptico en la industria de las bebidas alcohólicas durante muchos años. Sin 
embargo, a raíz de un estudio científico donde se observó que a altas concentraciones 
podía tener efectos carcinogénicos en animales (Canas y col., 1989) se prohibió su 
utilización en productos de alimentación. 
 
La formación de etil carbamato en vinos se debe principalmente al metabolismo 
de las levaduras responsables de la fermentación alcohólica. Estos microorganismos 
producen un metabolito intermedio, la urea, que bajo las condiciones adecuadas se 
puede transformar en etil carbamato durante el almacenamiento del vino (Monteiro y 
Bisson, 1991). También se ha demostrado que durante la fermentación maloláctica, 
las bacterias lácticas pueden formar compuestos precursores del etil carbamato como 
son la citrulina y el carbamil fosfato. En ambos casos, el sustrato inicial es la 
arginina, uno de los principales aminoácidos presentes en uvas y vino (Lehtonen, 
1996; Moreno-Arribas y col., 1998). 
 
Actualmente, las estrategias utilizadas para prevenir o reducir la formación de 
etil carbamato en el proceso de fabricación de vino se centran en tres factores 
implicados en su producción: a) las prácticas agrícolas, b) el control del proceso de 
elaboración del vino y c) el envejecimiento y la maduración del vino. Por otro lado, la 
legislación autoriza la utilización de una enzima ureasa, aislada de Lactobacillus 








Las aminas biógenas son compuestos nitrogenados de bajo peso molecular que 
están presentes de forma natural en alimentos y bebidas fermentadas, especialmente 
en queso, algunos productos cárnicos, y en cerveza y vino, entre otros (Fernández-
García y col., 1999; Izquierdo-Pulido y col., 2000; Kaniou y col., 2001).  
 
La formación de aminas biógenas en vinos procede principalmente de la acción 
de las bacterias lácticas, las cuales durante el proceso de fermentación maloláctica 
producen enzimas con actividad aminoácido descarboxilasa (Marcobal y col., 2006). Su 
presencia en vinos, unido a su contenido en alcohol y acetaldehído, podría tener un 
efecto perjudicial sobre la salud de aquellos consumidores sensibles a las aminas. Este 
y otros aspectos relacionados con la formación de aminas biógenas serán tratados más 
ampliamente en el apartado II.4. de los Antecedentes Bibliográficos. 
 
 
II.3. Compuestos del vino con potenciales efectos positivos sobre la salud 
 
Desde el postulado de la “Paradoja Francesa” por Renaud y Lorgeril (1992), el 
consumo moderado de vino tinto se ha asociado con una reducción en el riesgo de 
desarrollar enfermedades cardiovasculares (CVDs). Entre los componentes del vino 
que destacan como posibles responsables de los efectos beneficiosos se encuentran los 
compuestos fenólicos; así mismo también existen algunos trabajos que destacan el 
papel beneficioso de los péptidos de bajo peso molecular. 
  
Compuestos fenólicos o polifenoles 
 
Actualmente son innumerables los trabajos de investigación encaminados a 
dilucidar los efectos beneficiosos de los polifenoles sobre la salud humana. Los 
estudios en este campo han mostrado que el efecto cardioprotector de los polifenoles se 
debe principalmente a su capacidad para actuar como antioxidantes, antitrombóticos 
y en la mejora de la disfunción del endotelio (Scalbert y col., 2005). Gracias a su papel 
como antioxidantes, los polifenoles son capaces de inhibir la oxidación de las 
lipoproteínas de baja densidad (LDL), previniendo de esta manera la formación de 





cardiovascular  (Dávalos y Lasunción, 2009). En cuanto a su efecto antitrombótico, 
mediante estudios in vitro (Russo y col., 2001) e in vivo (Demrow y col., 1995) se ha 
demostrado que se debe a que inhiben la agregación plaquetaria. Por último, los 
polifenoles también actúan mejorando la disfunción del endotelio, que es uno de los 
primeros estadios en la formación de la placa de ateroma. 
 
Por otro lado, diversos estudios han demostrado la actividad antibacteriana 
(Ozkan y col., 2004), antiviral (Takechi y col., 1985), anticancerígena (Weyant y col., 
2001) y antiulcerativa (Saito y col., 1998) de los polifenoles del vino. 
 
En los últimos años, están en auge las investigaciones dirigidas a determinar la 
capacidad de los polifenoles del vino para modular la microbiota intestinal, y 
consecuentemente su posible influencia en la salud del hospedador. Este aspecto se 




Los péptidos presentes en los vinos tienen propiedades tensioactivas (González-
Llano y col., 2004), sensoriales (Desportes y col., 2001) y funcionales (Pozo-Bayón y 
col., 2007). Además, pueden actuar como nutrientes para bacterias y levaduras 
(Remize y col., 2006). 
 
La fracción peptídica de los vinos es muy variable tanto a nivel cualitativo como 
cuantitativo. Aunque algunos péptidos proceden del mosto, la mayoría de ellos se 
producen a lo largo de proceso de elaboración del vino. Los péptidos liberados por las 
levaduras implicadas en la fermentación alcohólica pueden hidrolizarse por la acción 
de enzimas extracelulares, dando lugar a péptidos de bajo peso molecular (Moreno-
Arribas y col., 2002). Además, algunas cepas de bacterias lácticas presentan actividad 
proteolítica bajo condiciones de vinificación (Manca de Nadra y col., 1997).  
 
Biológicamente, los péptidos de bajo peso molecular pueden actuar como 
antimicrobianos, antioxidantes y antihipertensivos. Es esta última actividad la que ha 






La mayoría de los péptidos antihipertensivos procedentes de alimentos actúan 
inhibiendo la denominada enzima convertidora de angiotensina (ECA). En los vinos, 
es difícil atribuir su capacidad de inhibición de la ECA a los compuestos fenólicos o a 
los péptidos, ya que para ambos grupos se han descrito compuestos concretos con esta 
actividad (Ling, 2003). Aunque Pozo-Bayón y col. (2005) demostraron que los vinos 
tintos con elevado contenido en péptidos y bajo contenido en fenoles inhibían la ECA, 
otros autores han encontrado que los vinos tintos tienen más actividad inhibitoria de 
la ECA que los vinos blancos, sugiriendo la contribución de los fenoles en esta 
actividad (Takayanagi y Yokotsuka, 1999). Por otro lado, en un estudio posterior se 
comprobó que, en modelos de vino sin fenoles, los péptidos liberados por 
Saccharomyces cerevisiae inhibían la actividad de la ECA  (Alcaide-Hidalgo y col., 
2007). 
 
Existen pues evidencias científicas que describen el potencial efecto saludable de 
los péptidos del vino para la salud del consumidor, si bien se necesitan más estudios 
para confirmar estos resultados. 
 
 
II.4. Aminas biógenas en vinos 
 
Las aminas biógenas potencialmente presentes en el vino se clasifican 
atendiendo a su estructura química en aminas heterocíclicas (histamina y 
triptamina), aromáticas (tiramina y feniletilamina) y alifáticas (putrescina, 
cadaverina, espermita y espermidina) (Moreno-Arribas y Polo, 2008), (Figura 1). 
 




Las aminas biógenas pueden estar presentes en la uva, o bien formarse durante 
el proceso de vinificación (fermentación alcohólica y/o maloláctica, envejecimiento en 
barrica o almacenamiento). Las investigaciones llevadas a cabo en este campo durante 
los últimos años señalan a las bacterias lácticas con actividad aminoácido 
Figura 1. Estructura química de (a) histamina, (b) tiramina y (c) putrescina. 





descarboxilasa (Lactobacillus hilgardii, Lactobacillus brevis, algunas cepas de 
Pediococcus y Oenococcus oeni) como las principales responsables de la formación de 
aminas biógenas en vinos (Coton y col., 1998; Bodmer y col., 2000; Moreno-Arribas y 
col., 2000;  Landete y col., 2005; Marcobal y col., 2006). En cuanto a las etapas 
posteriores de envejecimiento y conservación del vino, la mayoría de los estudios 
señalan que, en general, se produce una ligera disminución o estabilización de la 
concentración de aminas biógenas (Jiménez-Moreno y col., 2003; Marcobal y col., 
2006). No obstante, podría producirse un aumento en la concentración de aminas 
biógenas debido a poblaciones residuales de bacterias lácticas con actividad 
aminoácido descarboxilasa. 
 
El contenido total de aminas en vinos varía desde niveles traza hasta 
concentraciones de 130 mg/mL (Soufleros y col., 1998). Las aminas biógenas 
mayoritarias en vinos son la histamina, tiramina, putrescina, cadaverina, 
feniletilamina y triptamina (Silla Santos, 1996; Marcobal y col, 2006), que se producen 
principalmente a partir de la descarboxilación microbiana de los correspondientes 
aminoácidos precursores, histidina, tirosina, ornitina, lisina, fenilalanina y triptófano, 
respectivamente. Respecto a la regulación de su contenido en vinos, son cada vez más 
los países que apuestan por llevar un control de las mismas, especialmente de la 
histamina, que es utilizada como marcador de seguridad y calidad de los vinos. 
Algunos países europeos ya han impuesto límites máximos de concentración de 
histamina en vinos, como es el caso de Austria (10 mg/L), Francia (8 mg/L), Bélgica (5-
6 mg/L), Finlandia (5 mg/L), Holanda (3 mg/L) y Alemania (2 mg/L) (Lehtonen, 1996). 
Esta medida resulta controvertida, ya que puede traer consigo problemas de cara a la 
importación y exportación de vino. 
 
En el ser humano, las aminas biógenas desempeñan funciones biológicas 
importantes, principalmente a nivel del sistema nervioso (actuando como 
neurotransmisores) y del sistema vascular (aumentando o disminuyendo la presión 
sanguínea). Sin embargo, también pueden tener efectos perjudiciales en individuos 
sensibles cuando pasan al torrente sanguíneo tras el consumo de una bebida o comida 


























A continuación se describen brevemente los efectos fisiológicos de las principales 




La histamina producida de manera endógena por los mamíferos desempeña 
diferentes funciones, entre las que se encuentran la de regular la secreción de ácido en 
el estómago, y la de actuar como neurotransmisor en el sistema nervioso y como 
mediador en los fenómenos alérgicos. 
 
Los niveles de histamina endógena pueden verse incrementados tras una 
ingesta de alimentos con alto contenido en aminas biógenas, pudiendo provocar una 
intoxicación alimentaria. La sintomatología más frecuente asociada a este cuadro es 
la hipotensión arterial, vasodilatación de capilares, aceleración de los latidos del 
corazón, picor, enrojecimiento facial, dolor de cabeza e incluso diarrea (Silla-Santos., 
1996). La aparición de estos síntomas varía entre algunos minutos y varias horas 
desde la ingestión. Normalmente todos los síntomas remiten entre las 12 y las 24 
horas sin dejar secuelas. En los casos más graves puede producir calambres, náuseas, 
espasmos bronquiales y trastornos respiratorios graves (Franzen y Eysell, 1969).  
Amina Efecto fisiológico 
Histamina Libera adrenalina y noradrenalina, regula secreción ácida del 
estómago, hipotensión arterial, aceleración de los latidos del corazón, 
picor, enrojecimiento facial, dolor de cabeza, calambres, náuseas, 
espasmos bronquiales, trastornos respiratorios graves. 
 
Tiramina Libera noradrenalina del sistema nervioso simpático, aumento de la 
presión sanguínea, dolores de cabeza, hipertensión, dilatación de 




Hipotensión, bradicardia, disnea, paresia de extremidades, 
potencian actividad tóxica de otras aminas. 
 
Feniletilamina Libera noradrenalina del sistema nervioso simpático, aumento de la 
presión sanguínea, migrañas, episodios de esquizofrenia. 






Tradicionalmente, la histamina se ha relacionado con la llamada “intolerancia al 
vino” que presentan algunas personas susceptibles a este producto, sin embargo, es un 
tema que genera controversia, ya que un estudio llevado a cabo con vinos ricos en 
histamina frente a otros con bajo contenido, demostró que no había una correlación 





A pesar de que la concentración de tiramina en el cuerpo humano suele ser baja, 
actúa liberando noradrenalina del sistema nervioso simpático, lo que da lugar a un 
incremento de la presión sanguínea (Stockley, 1973; Joosten, 1988).  
 
Tras la ingesta de alimentos con elevado contenido en tiramina, los síntomas 
aparecen en un intervalo de pocos minutos a pocas horas e incluyen fuertes dolores de 
cabeza, hipertensión, dilatación de pupilas, lagrimeo, salivación e incremento de la 
respiración. La duración de los síntomas varía entre los 10 minutos y las 6 horas. 
 
Putrescina y cadaverina 
 
Tanto la putrescina como la cadaverina son componentes indispensables de las 
células, donde regulan la función de los ácidos nucleicos y la síntesis de proteínas 
(Bardócz y col., 1993; Halász y col., 1994). 
 
Los síntomas asociados a una intoxicación alimentaria por estas aminas 
incluyen hipotensión, bradicardia, disnea y paresia de extremidades (Franzen y 
Eysell, 1969). 
 
Es importante mencionar que la presencia de putrescina y cadaverina en vinos 
puede potenciar los efectos negativos causados por otras aminas. 
 
Feniletilamina y triptamina 
 
Ambas aminas actúan a nivel del sistema nervioso simpático dando lugar a un 





con feniletilamina se encuentran las migrañas (Sandler y col., 1974) y episodios de 
esquizofrenia (O´Reilly y col., 1991; Buckland y col., 1997). 
 
No obstante, las concentraciones habituales de aminas biógenas presentes en 
alimentos y bebidas fermentadas no suponen un riesgo para la salud del consumidor, 
ya que el tracto digestivo del ser humano posee un eficiente mecanismo de 
detoxificación compuesto principalmente por dos enzimas, la mono- y diaminoxidasa 
(MAO y DAO) (Ten Brink y col., 1990), encargadas de transformar las aminas en 
metabolitos no tóxicos que serán finalmente excretados (Ancín-Azpilicueta y col., 
2008; Moreno-Arribas y col., 2009) (Figura 2). Sin embargo, la ingesta conjunta de 
alimentos con alto contenido en aminas biógenas y alcohol y/o ciertos medicamentos 
(antihistamínicos, antidepresivos) puede inhibir las enzimas intestinales encargadas 
de su detoxificación (Maynard y Schenker, 1996) (Figura 2), lo cual deriva en un efecto 
perjudicial sobre la salud de aquellos consumidores sensibles a las aminas biógenas.  
 
En general, se estima que en bebidas alcohólicas la dosis tóxica para la 
histamina está entre 8-20 mg/mL, entre 25-40 mg/mL para la tiramina y 3 mg/mL 
para la feniletilamina (Soufleros y col., 1998). Por tanto, en el vino resulta de gran 
importancia prevenir la presencia de aminas biógenas. 
.  
En la actualidad, la principal vía para evitar la presencia de elevadas 
concentraciones de aminas biógenas en vinos, se basa en estrategias de prevención, 
que ponen el énfasis en controlar los principales factores que intervienen en la génesis 
















Figura 2. Sistema de detoxificación de aminas biógenas formado por la monoamino oxidasa (MAO) y la 





empleo de “starters” o cultivos iniciadores de bacterias lácticas con mínima o nula 
capacidad para la producción de aminas biógenas. Sin embargo, en la práctica estos 
procedimientos suponen inconvenientes en bodega, y en algunos casos el llevarlos a 
cabo puede comprometer la composición y calidad organoléptica del producto final, por 
lo que los elaboradores no siempre están dispuestos a asumirlos. Es necesario por 
tanto la búsqueda de nuevos procedimientos que reduzcan de forma fácil, segura y 
económica el contenido de aminas biógenas en vinos. En este sentido, la eliminación 
enzimática de aminas biógenas constituye una alternativa interesante, ya que se ha 
descrito la presencia de enzimas amino oxidasas en distintos microorganismos, entre 
ellos los hongos filamentosos como Aspergillus niger (Schilling y Lerch, 1995). En 
general, la inducción de la actividad amino oxidasa en los hongos tiene lugar cuando 
utilizan las aminas como única fuente de nitrógeno para su crecimiento (Frébort y 





II.5.1. Ecología de los hongos 
 
El término hongo, del latín fungus, designa a un grupo heterogéneo de 
organismos eucariotas entre los que se encuentran los mohos, las levaduras y las 
setas (Figura 3). Constituyen un grupo muy numeroso y de distribución cosmopolita, 
que se caracterizan por poseer una membrana celular con alto contenido en ergosterol 




Los hongos obtienen los nutrientes por absorción y tienen un metabolismo 
quimioheterótrofo, es decir, obtienen la energía y el carbono de compuestos orgánicos 
sintetizados por otros organismos. Este hecho condiciona su modo de vida, ya que en 





la naturaleza se encuentran generalmente asociados a la materia orgánica en 
descomposición, participando en los ciclos naturales de reciclado del carbono; también 
pueden aparecer en el suelo, o como patógenos oportunistas de animales y plantas.  
 
Los hongos presentan básicamente dos tipos de morfologías: una multicelular 
denominada filamentosa y otra unicelular denominada levaduriforme. Los hongos 
filamentosos (miceliares o mohos), representan el crecimiento más típico de los hongos 
microscópicos (Carrillo, 2003). El cuerpo de un hongo filamentoso tiene dos porciones, 
una reproductiva y otra vegetativa. La parte vegetativa, que es haploide y 
generalmente no presenta coloración, está compuesta por filamentos llamados hifas 
(estructuras cilíndricas y filiformes, usualmente microscópicas), que a menudo están 
divididas por tabiques llamados septos; un conjunto de hifas conforma el micelio 
(usualmente visible) (Figura 4). Con el crecimiento, una parte del micelio penetra en 
el sustrato para obtener los nutrientes (micelio vegetativo) y otra crece sobre el 
sustrato y produce las esporas (micelio aéreo o reproductor). 
 
 
Figura 4. Partes de un hongo: (1) Hifa, (2) Conidióforo, (3) Fiálide, (4) Conidia, y (5) Septos. 
 
La forma en que se producen las esporas (esporulación), su estructura, tamaño y 
forma, así como los de las hifas y los órganos productores de esporas, son las 
características básicas que se utilizan para la identificación de los hongos. 
 
Referente a las esporas, existen dos tipos, las asexuales, cuya principal función 
es la de propagar el hongo con la máxima rapidez y extensión posible, y las sexuales, 
que son más resistentes al calor, y suelen presentar latencia, germinando sólo cuando 
son activadas por el calor suave o alguna sustancia química. A su vez estos dos tipos 







En algunas especies de hongos coexisten ambas formas (sexual y asexual) en el 
mismo organismo (holomorfo), denominándose estado perfecto o teleomorfo a la forma 
sexual y estado imperfecto o anamorfo a la asexual. Así, los hongos que presentan 
reproducción sexual se denominan hongos perfectos y los que sólo tienen (o sólo se les 
conoce) reproducción asexual se denominan hongos imperfectos. 
 
Por otro lado están los hongos levaduriformes (o simplemente levaduras), que 
son unicelulares, de forma casi esférica, y no existe en ellos una distinción entre 
cuerpo vegetativo y reproductivo.  
 
Por último, también cabe mencionar que existe un tipo de hongos, denominados 
dimórficos, que son aquellos que se desarrollan como levaduras cuando crecen a 37ºC 
y como hongos filamentosos cuando crecen a 25ºC. 
 
II.5.2. Clasificación de los hongos 
 
Los hongos han sido tradicionalmente estudiados por botánicos, por lo que su 
nomenclatura y clasificación siguen las pautas del Código Botánico Internacional. 
Dado que el modo de reproducción sexual se utiliza para clasificar los hongos, es 





necesario disponer de estados sexuales para identificar correctamente un determinado 
ejemplar. Sin embargo, en muchos casos, los hongos no forman fases sexuales en 
cultivo o pueden necesitar medios especiales para hacerlo.  
 
La taxonomía actual del Reino Fungi incluye 5 filos: Ascomycota, Basidiomycota, 
Chytridiomycota, Glomeromycota y Zygomycota. Además de estos filos, cabe destacar 
el grupo de los hongos imperfectos (también llamados Deuteromycetes), que aunque 
no encajan en la clasificación taxonómica basada en las características de las 
estructuras sexuales, ya que sólo conocemos su fase asexual, sí constituyen un grupo 
muy numeroso y de gran relevancia para el hombre en el campo de la biotecnología. 
Dentro de este grupo están especies de gran relevancia a nivel industrial, como es el 
caso de Penicillium roqueforti (queso Roquefort), Penicillium camemberti (queso 
Camembert) y Aspergillus niger (contiene enzimas para modificar el sabor de los 
alimentos) entre otros (Enzyme Development Corporation: 
htpp://enzymedevelopment.com/es/ applications/flavor.html). 
 
II.5.3. Los hongos como fuente de productos naturales  
 
En la sociedad actual son cada vez más frecuentes los problemas sanitarios y 
alimentarios causados por microorganismos patógenos, debido en gran parte a la 
generación de resistencias. Existe, por tanto, una necesidad de encontrar nuevos 
compuestos naturales (metabolitos secundarios) que sean eficaces frente a estos 
microorganismos (Strobel, 2003). 
 
Los hongos, y en concreto los hongos endofitos, que son aquellos que residen de 
manera asintomática en los tejidos vivos de las plantas, constituyen una fuente 
excelente de productos naturales (Hoffmeister y Keller, 2007) para su explotación en 
el campo de la medicina, la agricultura y la industria (Bills y col., 1994; Peláez y col., 
1998; Calvo y col., 2002). En la Tierra, existen aproximadamente 300.000 especies de 
plantas, cada una de las cuales puede albergar al menos un endofito; por tanto, 
mientras existan las plantas se podría decir que existe una fuente inagotable de 
microorganismos endofitos con capacidad de producir compuestos naturales con 
actividades biológicas de potencial interés. También es importante mencionar que, con 





planta, sin embargo, no todas son capaces de producir los mismos compuestos 
biológicamente activos (Li y col., 1996).  
 
En general, la mayoría de los programas de “screening” de productos naturales 
se han centrado en la búsqueda de antibióticos (Peláez y col. 1998; Suay y col. 2000; 
González del Val y col. 2001; Basilio y col. 2003). Dentro de los hongos endofitos 
productores de antibióticos, destacan los pertenecientes al grupo de los hongos 
imperfectos, como es el caso de Cryptosporiopsis quercetina (estado imperfecto del 
hongo Pezicula cinnamomea) productor de criptocandina, la cual es activa frente a un 
amplio abanico tanto de hongos patógenos para el hombre -entre los que se incluye C. 
albicans-, como de hongos patógenos de plantas, -como Botrytis cinerea-, causante de 
la podredumbre noble de la vid (Strobel y col., 2004). No obstante, muchos de los 
compuestos naturales que presentan actividad antimicrobiana no superan los estudios 
clínicos previos a su uso en humanos, por lo que son desechados. Sin embargo, esta 
tendencia está cambiando en los últimos años, ya que se ha visto que las moléculas 
con actividad antibiótica también podrían tener otras aplicaciones interesantes en el 
campo de la medicina, la agricultura y la industria alimentaria entre otros (Liu y col., 
2008). Un ejemplo interesante lo constituyen las micotoxinas (toxinas producidas por 
hongos) producidas por especies del hongo Claviceps spp., las cuales durante décadas 
fueron responsables de intoxicaciones alimentarias asociadas al consumo de pan 
contaminado con este hongo. Sin embargo, se ha descubierto que son útiles para el 
tratamiento de diferentes patologías con gran interés en la clínica como son la angina 
de pecho, hipertonía, migrañas, e hipertensión entre otras (Vining y Taber 1979; 
Bentley, 1997).  
 
Los hongos endofitos, además de antibióticos, son capaces de producir 
compuestos con actividad anticancerígena (Strobel y col., 1993; Bashyal y col., 1999), 
antioxidante (Harper y col., 2003; Strobel y col., 2004), antiviral (Guo y col., 2000), 
insecticida (Findlay y col., 1997; Daisy y col., 2002), inmunosupresora (Lee y col., 
1995) y antidiabética (Zhang y col., 1999). 
 
En nuestro país, la vid (Vitis vinifera L.) representa una de las plantas con más 
interés a nivel cultural y económico, ya que de ellas se obtienen las uvas para la 
producción del vino. En su ambiente natural, las vides son susceptibles de ser 





spp., Cilyndrocarpon spp., Alternaria spp., Penicillium spp., Trichoderma spp. y 
Pestalotiopsis spp. (Halleen y col., 2003), como por hongos patógenos como 
Botryosphaeria obtusa, Botrytis cinerea y Eutypa lata, causantes de enfermedades en 
la vid. Respecto a la producción de metabolitos secundarios por hongos de la vid, la 
mayoría de los estudios que se conocen hasta el momento se han centrado en 
descubrir los metabolitos implicados en la patogénesis de las enfermedades causadas 
por microorganismos patógenos (González Collado y col., 2007; Djoukeng y col., 2009), 
sin prestar atención a las potenciales actividades biológicas de sus hongos endofitos. 
Algunos de los hongos endofitos de la vid son comunes a muchas otras plantas, donde 
han demostrado poseer actividades biológicas como antibióticos, anticancerígenos, 
inmunosupresores y antioxidantes entre otras (Strobel, 2003). Por tanto, resulta de 
gran interés profundizar en el estudio de los hongos endofitos de las vides como fuente 
de potenciales actividades biológicas con aplicación en la clínica y en la industria. 
 
II.5.4. Interés de los hongos en la industria alimentaria 
 
A lo largo de la historia los hongos han estado presentes en la alimentación del 
hombre, sin embargo, no fue hasta la época de Pasteur, cuando se empezó a 
considerar la implicación de los microorganismos en muchos procesos de fabricación 
de alimentos, marcando el comienzo de la biotecnología moderna. 
 
Dentro de la industria alimentaria, los hongos tienen un papel destacado debido 
a que poseen una maquinaria enzimática muy potente capaz de secretar una gran 
cantidad de proteínas, metabolitos y ácidos orgánicos (Conesa y col., 2001). Es 
importante mencionar que incluso algunos ellos han sido reconocidos como 
microorganismos GRAS (“Generally Regarded As Safe”), como es el caso de Penicillum 
roqueforti (queso roquefort) y Aspergillus oryzae (productor de enzimas proteasas). 
 
Actualmente son múltiples las aplicaciones de los hongos en la industria 
alimentaria. Por un lado están aquellas que requieren el uso de los hongos para la 
obtención de productos fermentados, como es el caso del pan, el vino, y la cerveza, y 
por otro están aquellas en las que el hongo se utiliza para obtener un compuesto o una 
enzima que al añadirla a los alimentos mejore su color, sabor u olor. En este último 
caso se han llevado a cabo numerosos estudios con cepas de Aspergillus spp., que 





poligalacturonasas y amino oxidasas con diferentes usos en el campo de la industria 
alimentaria (Galiotou-Panayotou y col., 1997; Lu y col., 2006; Taskin y col., 2008). 
Otro estudio llevado a cabo por Liu y col. (2008) ha demostrado que el hongo endofito 
Xylaria spp. produce un compuesto que inhibe el crecimiento de microorganismos 
patógenos (Staphylococcus aureus, Escherichia coli, Salmonella typhimurium, 
Shigella spp., y C. albicans entre otros) causantes de enfermedades y/o intoxicaciones 
alimentarias. Este hallazgo abre una nueva vía de investigación hacia la búsqueda de 
compuestos procedentes de hongos que pudieran funcionar como aditivos 
alimentarios, previniendo tanto el deterioro de los alimentos, como las enfermedades 
asociadas al consumo de alimentos contaminados. 
 
Por tanto, ahondar en el conocimiento de las actividades biológicas de los 
compuestos producidos por los hongos abrirá nuevas posibilidades a sus aplicaciones 
en la industria alimentaria.  
 
 
II.6. Los compuestos fenólicos del vino 
 
Los compuestos fenólicos o polifenoles son constituyentes naturales de la uva, 
(localizados principalmente en el hollejo y las pepitas) y de los vinos. Desde el punto 
de vista químico, el término “polifenol” engloba a un grupo muy heterogéneo de 
compuestos, que se caracterizan por presentar un anillo aromático al menos con una 
sustitución hidroxilo y una cadena lateral funcional. Según su estructura química, se 
subdividen en dos grandes grupos de compuestos: los flavonoides (antocianos, 
flavonoles, flavanoles monoméricos y oligoméricos, y taninos condensados o 
proantocianidinas), y los no flavonoides (ácidos hidroxibenzoicos e hidroxicinámicos, 
alcoholes fenólicos, y estilbenos) (Zamora, 2003). Debido a su estructura química, los 
estilbenos y los flavonoides son los compuestos más bioactivos de los vinos. 
 
La estructura de los compuestos flavonoideos se caracteriza por presentar un 
esqueleto C6-C3-C6 que varía en el grado de oxidación del oxígeno heterocíclico y en la 
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Figura 6. Estructura química de los principales compuestos fenólicos presentes en el vino. 
 
 
En la naturaleza, los flavonoides se encuentran normalmente como glicósidos 
con excepción de los flavanoles (Scalbert y Williamson, 2000). Los taninos 
condensados son polímeros formados por la unión covalente de flavanoles, 
principalmente (+)-catequina y (-)-epicatequina. En cuanto a la estructura de los 
compuestos no flavonoides, los ácidos benzoicos tienen un esqueleto de tipo C6-C1, 
mientras que los ácidos hidroxicinámicos lo tienen de tipo C6-C3 (Figura 6). 
 
Los polifenoles tienen un gran interés en enología ya que son responsables de 
muchas de las propiedades organolépticas de los vinos, fundamentalmente el color y la 
astringencia. El contenido total de polifenoles está alrededor de 50-400 mg/L para los 
vinos blancos y 900-1400 mg/L para los vinos tintos jóvenes, por lo que un consumo 
moderado de vino (250 mL/día) supondría una ingesta de hasta 60 mg de polifenoles 





A modo de resumen, la Tabla 2 recoge los principales compuestos fenólicos 
identificados en vinos tintos jóvenes. Por grupos de compuestos, los ácidos y derivados 
hidroxibenzoicos representan el 6% del total; los ácidos y derivados hidroxicinámicos, 
1,1%; los estilbenos, 0,5%; los alcoholes, 3,8%; los flavanoles, 15%; los flavonoles, 3,6%; 
y las antocianinas, 70% (García-Ruiz y col., 2008). En proporción muy inferior se 
encuentran otros derivados antociánicos como los piranoantocianos. 
 
Tabla 2. Principales compuestos fenólicos identificados en vinos tintos jóvenes (García-Ruiz y col., 2008). 
nd: no detectado 
 
 
II.7. Metabolismo de los polifenoles en el organismo humano 
 
A nivel fisiológico, el efecto beneficioso de los polifenoles dependerá de su 
biodisponibilidad (absorción, distribución, metabolismo y excreción), la cual está 
limitada por el reconocimiento de estos compuestos como xenobióticos por parte del 
organismo humano. Además, la estructura química de los compuestos fenólicos afecta 
a su biodisponibilidad, determinando, por ejemplo, su lugar de absorción (intestino 
 

























































































delgado o grueso), así como la farmacocinética de absorción, metabolismo y la cantidad 
final excretada en orina (Manach y col., 2004; Donovan y col., 2006). 
 
La liberación de los compuestos fenólicos de la matriz alimentaria se inicia en la 
boca durante la masticación. En la cavidad oral, los glucósidos de flavonoides pueden 
sufrir desglicosilación por la microbiota oral y/o por las células epiteliales, dando lugar 
a sus correspondientes agliconas (Figura 7) (Walle y col., 2005). La actividad 
hidrolítica que comienza en la boca, continúa durante el paso del alimento por el 
tracto aerodigestivo hasta llegar al estómago, donde se reduce el tamaño de las 
partículas del alimento, lo que favorece la liberación de compuestos fenólicos (Figura 
7) (Scalbert y Williamson, 2000). 
 
Los polifenoles glicosilados, como antocianinas, glucósidos de flavonoles y 
glucósidos de resveratrol, antes de ser absorbidos, se hidrolizan por las β-glucosidasas 
intestinales (Manach y col., 2004), aunque en el caso de los polifenoles del vino, se ha 
demostrado que los antocianos pueden ser absorbidos en su forma glicosilada (McGhie 
y col., 2003). Por el contrario, los flavanoles monoméricos y en menor grado los 
dímeros de procianidinas pueden ser absorbidos directamente en el intestino delgado 
(Figura 7). Después de atravesar la barrera intestinal, los polifenoles son conjugados, 
primero en el intestino delgado y después en el hígado, convirtiéndose en derivados 
metilados, glucurónidos y sulfatos (metabolitos de fase II) (Scalbert y Williamson, 
2000).  
 
Otros polifenoles del vino, principalmente los flavan-3-oles oligómeros con un 
grado de polimerización > 3 y los flavanoles poliméricos (proantocianidinas o taninos 
condensados), ésteres de ácidos hidroxicinámicos, y polifenoles conjugados con la 
ramnosa como la rutina, no son absorbidos en sus formas nativas. Estos compuestos 
alcanzan el colon donde son metabolizados por la microbiota intestinal, dando lugar a 
ácidos fenólicos y otros compuestos que pueden ser absorbidos posteriormente y 
alcanzar el hígado donde son conjugados (Manach y col., 2004) (Figura 7).  
 
Una descripción más ampliada del metabolismo microbiano de los polifenoles se 
recoge en el apartado II.9.1. de los Antecedentes Bibliográficos. 
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Los derivados metilados, glucurónidos y sulfatos (metabolitos de fase II) pueden 
alcanzar el colon vía circulación enterohepática y ser susceptibles de degradación por 
parte de la microbiota intestinal (Figura 7). Finalmente, los metabolitos fenólicos son 
excretados vía orina como conjugados hepáticos (Seeram y col., 2006). 
 
 
II.8. Microbiota humana 
 
El tracto buco-gastrointestinal humano aloja una microbiota abundante y 
diversa, dominada por bacterias anaerobias. Se estima que el número de bacterias 
presentes en la cavidad oral ronda las 1011 bacterias/g en la placa dental y 108-109 
bacterias/mL en la saliva, mientras que en las heces se puede llegar a 1011-1012 
bacterias/g. Estudios recientes (Maukonen y col., 2008) han mostrado que se pueden 
encontrar los mismos géneros bacterianos en muestras orales y colónicas. Por ejemplo, 
en ambas regiones se pueden detectar tanto bifidobacterias como lactobacilos, sin 
embargo, su incidencia es diferente, siendo más comunes los lactobacilos en la boca y 
las bifidobacterias en el colon.  
 
II.8.1. Microbiota de la cavidad oral 
 
II.8.1.1. Composición de la microbiota oral 
 
La cavidad oral presenta unas condiciones de temperatura (37ºC), humedad y 
pH (alrededor de 7) que la convierten en un hábitat muy atractivo para el crecimiento 
microbiano. La cavidad oral humana contienen un amplio rango de bacterias Gram-
positivas y Gram-negativas, así como algunas levaduras, micoplasmas y protozoos 
(Marsh, 2009). Sin embargo, el flujo constante de saliva, la presencia de moléculas con 
actividad antimicrobiana en la saliva y la fuerza de la masticación, hacen que sólo las 
bacterias con capacidad para adherirse firmemente a la superficie puedan permanecer 
en la boca.  
 
La cavidad oral no es un ambiente homogéneo, sino que está constituida por 
distintos microambientes (Figura 8). Cada uno de ellos es colonizado por su propia 
microbiota. Por ejemplo, los dientes, por sus propiedades físicas y biológicas, contienen 





bacterias/g de placa dental, en especial en personas que presentan periodontitis 
(Souto y col., 2006). A diferencia de las superficies mucosas, donde hay descamación 
periódica, los dientes son superficies estables, lo que permite la formación extensiva 
de biofilms complejos (placa dental) en especial en las regiones menos accesibles, como 
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Las bacterias que predominan en la saliva proceden de las distintas superficies 
de la cavidad oral, especialmente de la lengua. La saliva juega un papel muy 
importante en la relación entre la microbiota y la salud oral. Por una parte, actúa 
como un tampón manteniendo el pH de la boca cercano a la neutralidad, y 
favoreciendo así el crecimiento de poblaciones bacterianas beneficiosas. Por otro lado, 
en la saliva se segregan componentes procedentes de la respuesta inmune innata y 
adaptativa del huésped (sIgA, lisozima, lactoferrina, péptidos antimicrobianos…), que 
juegan un papel clave en la regulación del desarrollo de la microbiota residente y en la 
exclusión de microorganismos exógenos, muchos de los cuales son potencialmente 
patógenos. 
 
Entre las especies bacterianas más comunes descritas en todos los 
microambientes de la boca se hallan los géneros Gemella, Granulicatella, 
Streptococcus y Veionella (Aas y col., 2005), aunque existe gran variabilidad 
interindividual atendiendo a factores como la dieta, la edad y la alimentación. La 
Tabla 3 recoge los géneros bacterianos más comunes de la cavidad oral (Marsh, 2009). 
 
 







El desarrollo de la comunidad microbiana en la cavidad oral se inicia con la 
adhesión de especies de Streptococcus, Actinomyces, Veillonella y Neisseria a las 
superficies mucosas (Aas y col., 2005) (Figura 9). Dicha adhesión implica 
invariablemente la unión de las bacterias a los componentes de la saliva, que son 





La retención de Porphyromonas en el biofilm se ve favorecida por su asociación 
con estreptococos. Las condiciones anaerobias creadas por los colonizadores iniciales 
promueven la incorporación de Fusobacterium spp., género que a su vez facilita el 
crecimiento de Treponema spp., que forma parte del llamado “grupo rojo” de 
patógenos periodontales identificados por Socransky y col. (2004). Estos patógenos 
pueden aparecer en bajo número en sujetos con una cavidad oral sana (Bik y col., 
2010), pero el sistema inmune se encarga de mantenerlos controlados.  
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Figura 9. Desarrollo de la comunidad microbiana en la cavidad oral (Adaptado de Jenkinson y col., 2005). 















II.8.1.2. Importancia de la microbiota oral en la salud  
 
Las condiciones en las que se desarrollan los biofilms de la cavidad oral están 
íntimamente unidas a la salud del hospedador y viceversa (Ruby y Barbeu, 2002; 
Filoche y col., 2010). En personas con buena salud oral, existe un equilibrio entre el 
hospedador y los microorganismos que lo habitan (Jenkinson y Lamount, 2005; Marsh 
y Percival, 2006); bajo estas condiciones, la placa dental (biofilms) desempeña un 
papel de defensa, sin embargo, también puede ser un reservorio de microorganismos 
causantes de caries, periodontitis (Jenkinson y Lamount, 2005; Marsh y Percival, 
2006) y enfermedades del tracto respiratorio (Paju y Scannapieco, 2007; Zuanazzi y 
col., 2010). 
 
En los últimos años, las investigaciones llevadas a cabo en este campo tratan de 
identificar las bacterias responsables de las enfermedades de la cavidad oral. Aas y col 
(2005) determinaron que existían diferencias entre los grupos bacterianos que 
aparecían en una cavidad oral sana y en una con algún tipo de patología. Así, una 
buena salud de la cavidad oral se asocia con la carencia de especies de Porphyromonas 
gingivalis, Treponema denticola, Streptococcus mutans y Lactobacillus spp. (Eriksen y 
Dimitrov, 2003; Ledder y col., 2007), y con la presencia de elevados niveles de especies 
de Veillonella spp. (clon X042) (Kumar y col., 2006), Deferribacteres (clon W090), 
Atopobium rimar y Atopobium parvulum (Kumar y col., 2003). 
 
Factores como la ingesta elevada de azúcares, la hiposalivación y la 
perturbación de los mecanismos de defensa del hospedador modifican el ambiente de 
la cavidad oral, alterando de esta manera la homeostasis existente entre la microbiota 
y el hospedador, y pudiendo dar lugar al desarrollo de diversas patologías. 
 
La ingesta elevada de azúcares puede desembocar en la formación de caries 
debido a un aumento en la producción de ácido por parte de los microorganismos 
fermentadores de azúcares, entre los que destaca Streptococcus mutans. Otros 
microorganismos que se han relacionado con la formación de la caries son 
Streptococcus oralis, Streptococcus mitis, Streptococus anginosus, Rothia, 
Actinomyces, Lactobacilli, Bifidobacterium spp. y Candida albicans (Becker y col., 
2002; Munson y col., 2004; Beighton, 2005; Aas y col., 2008; Preza y col., 2008). No 





etnia, que afectan al desarrollo de las caries (Ramos-Gómez y col., 2002; Zero, 2004; 
Mignogna y Fedele, 2006). 
 
Otra patología frecuente asociada a la microbiota oral es la periodontitis, que 
tiene lugar cuando se produce una respuesta inflamatoria en el tejido gingival que 
deriva en una pérdida de colágeno y posterior pérdida de los dientes y hueso (Loesche, 
2007; Kornman, 2008). Las bacterias de la cavidad oral asociadas a esta patología son 
Porphyromonas gingivalis, Treponema denticola, Prevotella intermedia, 
Aggregatibacter actinomycetemcomitans, Fusobacterium nucleatum, Filifactor alocis, 
clones del filo Deferribacteres y Bacteroidetes y Megasphaera clon BB166 (Kumar y 
col., 2003, 2006). 
 
La cavidad oral también puede actuar como reservorio de bacterias que causan 
infecciones del tracto respiratorio, como Streptococcus pneumoniae, Staphylococcus 
aureus, Haemophilus influenzae, Moraxella catharralis y Pseudomonas aeruginosa 
(Paju y Scannapieco, 2007; Zuanazzi y col., 2010). En la placa dental de pacientes 
hospitalizados se han hallado patógenos respiratorios como Acinetobacter spp, 
Pseudomonas spp., Klebsiella pneumoniae, Enterobacter spp. y S. aureus, y se ha 
visto que su frecuencia de colonización aumenta en individuos con escasa higiene 
bucal y grandes cantidades de placa dental o periodontitis (Zuanazzi y col., 2010). Así, 
en personas con periodontitis crónica, prevalecen especies patogénicas como 
Enterococcus faecalis, S. aureus, Corynebacterium diptheriae, P. aeruginosa y 
Escherichia coli, incluso en las zonas “sanas” de la boca, lo que demuestra la 
existencia de un proceso de infección cruzada entre los sitios que presentan 
periodontitis y los sanos en el mismo individuo (Souto y col., 2006). 
 
La neumonía bacteriana representa entre el 13% y el 48% de las infecciones en 
hospitales y centros de salud, y es el resultado de la infección de las vías respiratorias 
inferiores por parte de las bacterias que colonizan el área orofaríngea. En personas 
sanas, las vías respiratorias son capaces de defenderse de los microorganismos que 
son aspirados o deglutidos de la región bucal y faríngea; sin embargo, en individuos 
inmunodeprimidos o que presentan problemas relacionados con la salud oral y 
respiratoria (flujo salivar disminuido, alteraciones en el reflejo de la tos, desórdenes 
en la deglución o escasa higiene bucal), aumenta el riesgo de padecer infecciones 





resistencia a los antibióticos (p.ej. S.aureus es resistente a meticilina y oxacilina (gen 
mecA) y su capacidad de evasión de la respuesta inmune del paciente, lo que 
incrementa las probabilidades de reinfección y dificulta su tratamiento (Souto y col., 
2006; Zuanazzi y col., 2010).  
 
II.8.2. Microbiota intestinal 
 
I.8.2.1. Composición de la microbiota intestinal 
 
El intestino humano es el hábitat natural de una población numerosa, diversa y 
dinámica de microorganismos, principalmente bacterias anaerobias, que se han 
adaptado a la vida en superficies mucosas en la luz del intestino (Figura 10) (Guarner 
y Malagelada, 2003). El ecosistema microbiano del intestino incluye especies nativas 
que colonizan permanentemente el tracto gastrointestinal, y una serie variable de 
microorganismos vivos que transitan temporalmente por el tubo digestivo (Guarner y 
col., 2003). Las bacterias nativas se adquieren al nacer y durante el primer año de 
vida, mientras que las bacterias en tránsito se ingieren continuamente a través de los 





La población de bacterias a lo largo del intestino varía tanto en número como en 
composición de especies (Figura 11), existiendo también una gran variabilidad 
interindividual debido a factores como la edad, la dieta, el estrés y las enfermedades 
(Salminen y col., 1998; Kleessen y col., 2000). Entre la microbiota asociada al esófago, 
destacan microorganismos pertenecientes a los géneros Streptococcus, Prevotella y 
Veillonella, que también aparecen en la cavidad oral.  
Figura 10. Distribución espacial de los microorganismos en el intestino humano (Adaptado de 
Tiihonen y col., 2010). 
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En el estómago y el duodeno, el número de microorganismos se ve reducido 
debido a las secreciones ácidas, biliares y pancreáticas; según se avanza en el 
intestino delgado, disminuye la acidez debido a la dilución de los ácidos, lo que facilita 
la colonización bacteriana, llegando a 1012 CFU/mL en el colon, que es donde se 
encuentra la concentración más alta. Entre los grupos bacterianos más abundantes 
en esta zona destacan miembros del género Bacteroides, Bifidobacterium, 
Eubacterium, Clostridium, Lactobacillus, y cocos Gram-positivos (Gibson y 
Roberfroid, 1995), mientras que en menor proporción encontramos Enterococos y 
representantes de la familia Enterobacteriaceae (Guarner, 2006). 
 
II.8.2.2. Funciones de la microbiota intestinal 
 
La microbiota intestinal desempeña un papel fundamental para el hospedador. 
Entre sus funciones se encuentran la de nutrición y metabolismo, protección y 
funciones tróficas (Guarner, 2007), que se recogen en la Figura 12 y serán descritas 
brevemente a continuación. 
Figura 11. Distribución y composición de las diferentes especies bacterianas en el tracto gastrointestinal














































Funciones de nutrición y metabolismo 
 
La flora entérica metaboliza los sustratos o residuos dietéticos no digeribles, el 
moco endógeno y los detritus celulares, proporcionando al hospedador de ciertas 
capacidades metabólicas de las cuales carecen las células intestinales. La 
fermentación de compuestos no digeribles de la dieta constituye una fuente de 
energía para la proliferación bacteriana, y además produce ácidos grasos de cadena 
corta que disminuyen el pH del medio intestinal. Esto se traduce en recuperación de 
energía de la dieta y favorece la absorción de iones (Ca, Mg, Fe) en el ciego (Blaut y 
Clavel, 2007).  
 
Las funciones metabólicas también incluyen la producción de vitaminas (K, B12, 
biotina, ácido fólico y pantoténico) e isoprenoides (Walter y col., 2006) y la síntesis de 
aminoácidos a partir del amoniaco o la urea. El metabolismo anaeróbico de los 
péptidos y proteínas (putrefacción) también es fuente de ácidos grasos de cadena 
corta, pero, al mismo tiempo, genera una serie de sustancias potencialmente tóxicas 
incluyendo amoníaco, aminas, fenoles, tioles e indoles (MacFarlane y col., 1986; 
Smith y MacFarlane, 1996). 
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Funciones de protección 
 
La función defensiva de la microbiota incluye el denominado “efecto barrera”, 
por cual las bacterias que ocupan un espacio o un nicho ecológico impiden la 
implantación de microorganismos extraños al ecosistema. Además, la microbiota 
propia impide el sobrecrecimiento de bacterias oportunistas que están presentes en el 
intestino pero con proliferación restringida. El equilibrio entre las especies 
bacterianas residentes confiere estabilidad al conjunto de la población microbiana. El 
efecto de barrera se debe a la capacidad de ciertas bacterias para segregar sustancias 
antimicrobianas (bacteriocinas), que inhiben la proliferación de otras bacterias, y 
también a la competición entre bacterias por los recursos del sistema, ya sean 




Las bacterias intestinales pueden controlar la proliferación y diferenciación de 
las células epiteliales. En las criptas colónicas de animales criados en condiciones de 
estricta asepsia se observa una disminución del “turn over” de células epiteliales en 
comparación con animales control colonizados por flora convencional (Falk y col., 
1998). La diferenciación celular en el epitelio está sumamente influida por la 
interacción con los microorganismos residentes, como se demuestra en estudios con 
animales, donde la expresión de ciertos genes está asociada a cepas bacterianas 
específicas (Hooper y col., 2001). Las bacterias también desempeñan un papel 
esencial en el desarrollo del sistema inmunitario. Los animales criados en condiciones 
de asepsia estricta muestran baja concentración de células linfoides en la mucosa del 
intestino delgado, la estructura de los folículos linfoides está atrofiada y la 
concentración de las inmunoglobulinas circulantes es anormalmente baja. Estos 
efectos revierten tras la exposición a flora convencional (Yamanaka y col., 2003; 
Helgeland y col., 2004).  
 
II.8.2.3. Importancia de la microbiota intestinal en la salud 
 
Actualmente, existen cada vez más evidencias de la influencia que ejerce la 
microbiota intestinal en la salud del hospedador, la cual va a depender en gran 





grueso las bacterias pueden dividirse en 3 grupos de acuerdo al efecto que pueden 
desempeñar en la salud del hospedador. En un primer grupo, estarían aquellas 
bacterias que pueden producir efectos perjudiciales; en un segundo grupo, estarían 
las que pueden ejercer un efecto beneficioso; y por último, estarían aquellas que 
pueden tener ambos efectos (Gibson, 1998; Salminen y col., 1998). Es obvio que 
mantener un balance adecuado en el ecosistema, siempre a favor de las bacterias 
beneficiosas, es fundamental para nuestra salud.  
 
Las bacterias indeseables incluyen, entre otras, especies del género Clostridium, 
Staphylococcus y Veillonella. Estas especies originan sustancias potencialmente 
perjudiciales, tales como productos putrefactivos, toxinas y carcinógenos (Gibson y 
Roberfroid, 1995; Salminen y col., 1998; Guarner y Malagelada, 2003) (Figura 13), 
que pueden causar efectos como diarrea, infecciones, daño en el hígado, 









Figura 13. Clasificación de los principales grupos bacterianos del colon en función de sus efectos 
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El uso de antibióticos de amplio espectro también puede favorecer el crecimiento 
de bacterias patógenas, como Clostridium difficile, que se asocia con episodios de 
diarrea (Tiihonen y col., 2010).  
 
Uno de los fenómenos que puede provocar un efecto negativo sobre la salud del 
hospedador es la denominada translocación bacteriana, que sucede cuando bacterias 
viables del tracto gastrointestinal atraviesan el epitelio de la mucosa. Generalmente 
se trata de bacterias aerobias Gram-negativas que, una vez atravesado el epitelio, 
pueden diseminarse por todo el cuerpo a través de la linfa pudiendo llegar a producir 
sepsis, “shock”, fallo multiorgánico sistémico o incluso la muerte del hospedador. 
Mediante estudios en animales se ha visto que los mecanismos que generalmente 
desencadenan la translocación bacteriana son la proliferación de bacterias en el 
intestino delgado, el aumento de permeabilidad en el epitelio de la mucosa y 
deficiencias en el sistema inmune del hospedador. 
 
En cuanto a las bacterias beneficiosas, entre las que se incluyen principalmente 
especies del género Lactobacillus y Bifidobacterium, juegan un papel básico en 
funciones nutricionales y de prevención de enfermedades, por lo que se usan como 
probióticos (Ventura y col., 2009). Entre los efectos atribuibles a estas bacterias 
destacan una disminución en la producción de gas, la producción de ácidos grasos de 
cadena corta (SCFA), inmunoestimulación y actividad antitumoral (Gibson, 1998; 
Salminen y col., 1998; Rastall y col., 2005).  
 
A pesar de que la microbiota intestinal constituye todavía un ecosistema 
bastante inexplorado, existen determinadas enfermedades como pueden ser el cáncer 
de colon, el síndrome del colon irritable y la obesidad, que se relacionan con 
modificaciones en la composición y en la actividad de las bacterias del colon (Guarner 
y Malagelada, 2003; Manichanh y col., 2006; Ley y col., 2006; Bik, 2009; Joly y col., 
2010). Por tanto, mejorar el conocimiento de dicha microbiota y de la influencia en 
ella de los componentes de la dieta, es interesante para establecer estrategias de 
alimentación que, mediante la modulación de la microbiota intestinal contribuyan a 
la prevención de las enfermedades. 
 
Una propuesta para mejorar la salud intestinal, es el uso de suplementos 





de manera que ésta constituya una barrera eficaz frente a la invasión de bacterias 
patógenas. Estos suplementos contienen prebióticos, que se definen como ingredientes 
no digeribles de los alimentos que son fermentados por la microbiota intestinal, 
afectando de forma beneficiosa al hospedador, mediante la estimulación selectiva del 
crecimiento y/o actividad de un número limitado de bacterias que pueden mejorar la 
salud del hospedador (Gibson y Roberfroid, 1995). La mayoría de los prebióticos 
desarrollados hasta la fecha son polisacáridos. Para estos compuestos prebióticos, se 
ha establecido un “índice prebiótico básico” (PI) que cuantifica el efecto del prebiótico 
en base a los perfiles de su fermentación in vitro (Palframan y col., 2003). Esto 
proporciona un índice cuantitativo que aumenta si los grupos de bacterias deseables 
aumentan (bifidobacterias y lactobacilos) y/o los grupos indeseables disminuyen 
(bacteroides y clostridios).  
 
 
II.9. Interacción de los polifenoles del vino con la microbiota oral e intestinal 
 
Se considera que la interacción entre los compuestos fenólicos y/o sus 
metabolitos con las bacterias del tracto buco-gastrointestinal es bidireccional, es 
decir, las bacterias del tracto buco-gastrointestinal pueden metabolizar los 
compuestos fenólicos, pero al mismo tiempo el crecimiento de dichas bacterias puede 
verse afectado por los propios compuestos fenólicos y/o sus metabolitos. El balance 
final de estas interacciones estará supeditado a diversos factores, como la 
concentración y estructura de los compuestos fenólicos, las características de las 
cepas bacterianas, etc.  
 
II.9.1. Metabolismo de los polifenoles del vino por la microbiota oral e intestinal 
 
A pesar de que la cavidad oral desempeña un papel importante en la liberación 
de compuestos fenólicos de la matriz alimentaria, sólo recientemente se ha prestado 
atención a las interacciones entre polifenoles y la microbiota de la cavidad oral. 
Mediante estudios in vitro con cultivos celulares se ha comprobado que los glucósidos 
de flavonol - que se encuentran en los vinos unidos en la posición C-3 a moléculas de 
glucosa, galactosa o ácido glucurónico (Castillo-Muñoz y col., 2009) - pueden 
hidrolizarse por bacterias de la boca y/o por las células del epitelio dando lugar a las 





a la acción de β-glucosidasas procedentes de las células epiteliales de la boca, así como 
de distintas cepas de bacterias ácido lácticas que colonizan la boca (Walle y col., 2005). 
También se ha visto que Streptococcus milleri, aislada de la cavidad oral, es capaz de 
desglicosilar la rutina (quercetín-3-O-rutinósido) dando quercetina. Además, es 
importante considerar que también la saliva, por si misma, puede modificar la 
estructura de los compuestos fenólicos del vino (Requena y col., 2010).  
 
Los polifenoles son mínimamente metabolizados durante su paso a través del 
intestino delgado estimándose que el 90-95% de los polifenoles de la dieta no se 
absorben directamente y se acumulan en el colon (Clifford, 2004). En un estudio 
reciente llevado a cabo en pacientes con ileostomía (pacientes a los que se les ha 
extraído quirúrgicamente el colon) se comprobó que, tras la ingestión de flavan-3-oles 
monoméricos procedentes del té, aproximadamente un 70% de los mismos alcanzaba 
el colon, e incluso un 30% lo hacía en su forma nativa (Stalmach y col., 2010). 
Recientemente, Stoupi y col. (2010) han comprobado que tras la ingestión de 
procianidina B2 marcada con C14, un elevado porcentaje de radiactividad 
(aproximadamente un 63%), aparece en orina, lo cual es indicativo de la degradación 
de las procianidinas por la microbiota intestinal.  
 
El metabolismo microbiano de los polifenoles del vino está ampliamente 
influenciado por su estructura química. En un trabajo de revisión reciente, Monagas y 
col. (2010), proponen las posibles rutas de degradación de los flavan-3-oles 
monoméricos y procianidinas diméricas por la microbiota intestinal. El catabolismo 
de las procianidinas diméricas por la microbiota intestinal lleva consigo la apertura 
del anillo C, seguida de reacciones de lactonización, descarboxilación, 
deshidroxilación y oxidación entre otras (Déprez y col., 2000; Gonthier y col., 2003; 
Stoupi y col., 2010). En el caso de los flavan-3-oles monoméricos unidos a ácido gálico, 
el catabolismo comienza gracias a la acción de esterasas microbianas, que rompen el 
enlace éster de ácido gálico, obteniéndose ácido gálico que será posteriormente 
descarboxilado dando lugar a pirogalol (Figura 14) (Meselhy y col., 1997; Kohri y col., 
2003; Roowi y col., 2010). A continuación tiene lugar la apertura del anillo C de la (-)-
epicatequina, dando lugar a difenilpropan-2-ol, el cual se convierte en 5-(3´,4´-
dihidroxifenil)-γ-valerolactona en el caso de la (epi)catequina o 5-(3´,4´,5´-
trihidroxifenil)-γ-valerolactona en el caso de la (epi)galocatequina (Groenewoud y 





valerolactonas da lugar a ácido 3,4-dihidroxifenilvalérico el cual es posteriormente 
degradado en ácidos fenólicos derivados del anillo B, como son los ácidos 3,4-
dihidroxi-fenilpropiónicos, fenilacéticos y benzoicos, mediante la pérdida sucesiva de 
carbonos de la cadena principal (Figura 14). 
 
Respecto al ácido 3,4-dihidroxifenilacético, algunos estudios sugieren que podría 
formarse mediante α-oxidación del ácido 3,4-dihidroxifenilpropiónico procedente de la 
degradación de flavan-3-oles monoméricos y diméricos (Figura 14) (Gonthier y col., 
2003). Sin embargo, otros autores apuestan por una ruta alternativa (Appeldoorn y 
col., 2009), en la que desde la unidad superior de una procianidina dimérica se 
originarían los ácidos 3,4-dihidroxifenilacético y 5-(2,4-dihidroxifenil)-2-eno-valérico, 
y desde la unidad inferior se formaría 3,4-dihidroxifenil-γ-valerolactona, que sería 
degradada tal como se ha descrito previamente. 
 
En relación al catabolismo microbiano de otros compuestos flavanoides 
presentes en el vino, como son los flavonoles, éstos son directamente transformados 
en ácidos fenilacéticos 3,4- ó 3,5-dihidroxilados (Aura, 2008; Selma y col., 2009). En el 
caso de los antocianos, la microbiota los transforma en ácidos benzoicos (3,4-
dihidroxi-, 4-hidroxi-, 3,4-dimetoxi- y 3-metoxi-4-hidroxi), de acuerdo al modelo de 
sustitución del anillo B de la molécula precursora de antocianidina (Aura, 2008). Sin 
embargo, y a pesar de que los antocianos son abundantes en vinos, su recuperación de 
fluidos biológicos es muy baja debido a su baja estabilidad química. 
 
Respecto a los compuestos no flavonoides presentes en el vino, como los ésteres 
de ácidos hidroxicinámicos, son principalmente transformados en ácido 3-
hidroxifenilpropiónico, ácido benzoico y 4-etilcatecol (Gonthier y col., 2006). 
 
Después de la absorción, los metabolitos microbianos son conjugados en el 
hígado y riñones en glucurónidos y sulfatos. Otras reacciones que ocurren en estos 
tejidos son: glicinación, deshidrogenación, hidroxilación y metilación (Gonthier y col., 
2003). Finalmente, los metabolitos fenólicos son excretados vía orina o heces. 
  
 
Figura 14. Degradación de flavan-3-oles monoméricos por la microbiota intestinal (Adaptado de Monagas y col., 2010).
OCH3
HOOC OH




































































O HH OO C
OH
HOOC OH
O HH OO C
OH
OH





















Es importante destacar que debido a la presencia de polifenoles de alto grado de 
polimerización en vinos tintos, la concentración de metabolitos (derivados de la acción 
de la microbiota intestinal) en plasma y orina puede ser mayor que la de los 
metabolitos de fase II (Gonthier y col., 2003). Además, la circulación enterohepática 
de estos metabolitos asegura su permanencia en plasma durante un tiempo 
prolongado en comparación con sus precursores, sugiriendo que podrían ejercer algún 
efecto fisiológico. En los últimos años, ha habido un notable incremento de los 
estudios encaminados a determinar los efectos beneficiosos de los metabolitos 
procedentes del metabolismo microbiano de los polifenoles. Entre los efectos 
atribuibles a estos metabolitos están su acción antioxidante (Grimm y col., 2004), 
inhibición de la agregación plaquetaria (Rechner y Kroner, 2005), actividad anti-
inflamatoria (Karlsson y col., 2005; Larrosa y col., 2009; Monagas y col., 2009), 
actividad antiproliferativa en próstata y células cancerosas (Gao y col., 2006; 
González-Sarrías y col., 2009), actividad antitrombótica (Rechner y Kroner, 2005), y 
actividad estrogénica/antiestrogénica (Larrosa y col., 2006). Además, los metabolitos 
podrían estimular o inhibir el crecimiento de las bacterias que colonizan el intestino 
humano, aspecto que se abordará en el siguiente apartado. 
 
II.9.2. Efecto de los polifenoles del vino y sus metabolitos sobre la microbiota oral e 
intestinal  
 
En los últimos años ha aumentado el interés acerca del efecto de los polifenoles 
de la dieta sobre la microbiota de la cavidad oral. Los estudios realizados empleando 
distintos compuestos fenólicos del té, especialmente flavonoides, así como extractos e 
infusiones de té, han mostrado un potente efecto protector de esta bebida frente a la 
caries dental en animales y humanos (Friedman, 2007). En un estudio llevado a cabo 
por Duarte y col. (2006), se ha comprobado que tanto las proantocianidinas tipo A 
como los flavonoles presentes en los arándanos afectan al desarrollo de S. mutans, uno 
de los microorganismos causantes de la caries dental. Este efecto saludable de los 
polifenoles del té y de los arándanos se cree que podría deberse a su capacidad para 
inhibir el crecimiento y la adherencia de los microorganismos causantes del deterioro 
dental (Requena y col., 2010).  
En el caso del vino y la uva, existen pocos datos acerca del papel antimicrobiano 





reciente se ha comprobado que, tanto los vinos blancos como los vinos tintos, son 
capaces de inhibir el crecimiento de bacterias del género Streptococcus debido a su 
contenido en ácido málico, succínico, láctico, tartárico y acético (Daglia y col., 2007). 
También se ha demostrado la actividad antimicrobiana de diferentes extractos 
fenólicos de vino y hollejos de uva (Furiga y col., 2009), y de orujo de uva (Thimothe y 
col., 2007) sobre distintas especies de Streptococcus spp. y otras bacterias 
responsables de la formación de caries dental. Además de actuar como 
antimicrobiano, el vino tinto también disminuye la adhesión inicial de las bacterias 
que forman el biofilm, contribuyendo de este modo a la prevención de enfermedades 
de la cavidad oral (Hanning y col., 2009). Por último, se ha visto que las 
proantocianidinas presentes en las pepitas de la uva podrían contribuir positivamente 
a la remineralización de lesiones dentales producidas por la caries (Wu y col., 2009).  
Respecto al efecto de los polifenoles del vino sobre la microbiota del colon, los 
estudios se refieren tanto a extractos de origen enológico, como a compuestos fenólicos 
presentes en el vino y/o sus metabolitos. Estudios con orujo de uva y vino diluido han 
mostrado actividad antimicrobiana frente a cepas patógenas de E. coli, S. aureus y 
Salmonella spp. entre otras (Ozkan y col., 2004; Dolara y col., 2005).  
 
En el caso de los compuestos fenólicos y los metabolitos microbianos se ha 
descrito que son capaces de inhibir el crecimiento de bacterias patógenas, como 
Clostridum difficile, Clostridium perfringes, E. coli y Salmonella spp (Lee y col., 2006; 
Alakomi y col., 2007); sin embargo, no afectan al crecimiento de bacterias probióticas 
como Lactobacillus spp. y Bifidobacterium spp. (Lee y col., 2006). También se han 
llevado a cabo fermentaciones en sistemas modelo inoculados con heces humanas y 
(+)-catequina, comprobándose que este compuesto afecta de manera positiva el 
crecimiento del grupo de C. coccoides-Eubacterium rectale y Bifidobacterium spp., e 
inhibe el grupo de C. histolyticum, lo que sugiere que los flavanoles monoméricos 
ejercen un efecto modulador en la población microbiana (Tzounis y col., 2008).  
 
Dentro de los flavonoides, la (+)-catequina y la (-)-epicatequina son los 
compuestos con menor actividad frente a bacterias patógenas (Parkar y col., 2008). 
En esta línea, otro estudio ha demostrado que la actividad antimicrobiana de 
fracciones triméricas procedentes de la piel de uvas, frente a bacterias patógenas (S. 





Enterococcus faecalis), es mucho mayor que la ejercida por las fracciones 
monoméricas (Mayer y col., 2008). 
 
Los efectos de los flavan-3-oles monoméricos sobre las bacterias beneficiosas han 
sido parcialmente confirmados en estudios in vivo en pollos, cerdos y en humanos 
(Okubo y col., 1992; Hara, 1997; Goto y col., 1998; Yamakoshi, 2001), en los que tras la 
ingesta de extractos de té verde se ha observado un aumento en las bacterias del 
género Lactobacillus y una disminución de las bacterias pertenecientes a la familia 
Enterobacteriaceae. Estudios similares empleando vino tinto desalcoholizado (Dolara 
y col., 2005) y un suplemento de pepita de uva (Yamakoshi, 2001) han mostrado un 
incremento en la población de especies de Lactobacillus y Bifidobacterium. Sin 
embargo, la administración a largo plazo de taninos condensados a ratas provocó 
cambios en la población microbiana hacia especies Gram-negativas resistentes a 
taninos (Smith y Mackie, 2004). La estructura química del compuesto fenólico es, sin 
duda, un factor que condiciona su actividad antimicrobiana, y que es necesario 
































III. MATERIALES Y MÉTODOS 
 
III.1. Métodos para determinar actividades biológicas de hongos de la vid  
 
III.1.1. Aislamiento e identificación de hongos de la vid 
 
III.1.1.1. Aislamiento de hongos 
 
El muestreo de plantas de viñedos se llevó a cabo durante la primavera del 2008 
en cuatro zonas de España, dos en la provincia de Madrid (Villamanrique del Tajo y 
Escuela de la Vid), uno en la provincia de Guadalajara (Tortuero) y por último, uno en 
la provincia de Ciudad Real (Membrilla).  
 
Para aislar los hongos de la parte aérea de la vid, se cortaron, con la ayuda de 





Las virutas se desinfectaron mediante lavados consecutivos de 30 s en etanol al 
70%, hipoclorito sódico (5%), etanol al 70% y agua estéril en el caso de la corteza, 
mientras que para las yemas se utilizó etanol al 70% y agua estéril. Las virutas de 
xilema no requieren desinfección al tratarse de una muestra limpia. Tras el lavado, 
las virutas se transfirieron con unas pinzas a placas de 48 pocillos que contenían 
medio YMC (10 g de extracto de malta (Becton Dickinson), 2 g de extracto de levadura 
(Becton Dickinson), 20 g de agar bacteriológico (Conda), 4 mg de ciclosporina A, 50 mg 
de sulfato de estreptomicina, 50 mg de terramicina, y 1 litro de agua destilada). Se 
prepararon 18 placas por cada muestra de vid. Las placas se incubaron a 22ºC y 70% 
de humedad relativa durante 2 semanas. 
Figura 15. Fotografía de una rama de vid, junto con virutas de corteza y xilema. 




Para aislar los hongos del suelo, las muestras se tamizaron, lavaron y filtraron 
utilizando un sistema de filtración de partículas (Figura 16) acoplado a una bomba de 
vacío, descrito anteriormente por Bills y col. (2004). Las partículas de suelo que 
quedaron retenidas en el filtro con menor tamaño de poro se transfirieron a un tubo 




Tras el lavado, aproximadamente 0.5 cm2 de  partículas de suelo se transfirieron 
a una placa Petri que contenía 95 mL de carboximetilcelulosa sódica (CMC) al 0,05%, 
y que se empleó para hacer 3 diluciones de las partículas de suelo lavadas. Después, 
alícuotas de 10 μL de cada dilución se pipetearon en placas de 48 pocillos con medio 
YMC. Se prepararon 9 placas por cada muestra (3 placas/dilución). Las placas se 
incubaron a 22ºC y 70% de humedad relativa durante 2 semanas. 
 
Para la obtención de cultivos puros, los hongos que crecieron en las placas de 
YMC se reaislaron, con la ayuda de una lupa Leica MZ APO, en placas de Agar 
Extracto de Levadura Malta (10 g de extracto de malta (Difco), 2 g de extracto de 
levadura (Difco), 20 g de agar bacteriológico y 1 litro de agua destilada). Las placas se 
incubaron a 22ºC y 70% de humedad relativa, durante 2 semanas. 
 
III.1.1.2. Preparación de inóculos 
 
Una vez obtenidos los cultivos puros de hongos, se procedió a la preparación de 
inóculos. Para ello, a partir de las placas con cultivos puros (Sección III.1.1.1.), con un 
transfer estéril (Spectrum Laboratories, Rancho Domínguez, CA, USA) se cortaron de 
3 a 4 discos de micelio (Figura 17), los cuales se introdujeron en tubos con 8 mL de 
medio SMYA (10 g de neopeptona (Difco), 40 g de maltosa (Conda), 10 g de extracto 
de levadura (Difco), 4 g de agar bacteriológico (Conda) y 1 litro de agua destilada) y 2 
cubreobjetos. 
Figura 16. (a) Sistema de filtración de partículas; (b) Detalle filtro. 






Los tubos se incubaron en agitación (200 rpm) en cabinas Kühner (equipadas 
con unas gradillas que permiten incubar los tubos con una inclinación de 75º) a 22ºC y 
70% de humedad relativa, durante 4 días. La agitación permite que los cubreobjetos 
rompan los discos de micelio y las hifas, minimizándose de esta manera la formación 
de pellets. De todos los inóculos se prepararon viales de glicerol al 20% para su 
crioconservación a -80ºC. 
 
Los inóculos obtenidos se utilizaron para la caracterización molecular de los 
hongos, experimentos de degradación de aminas biógenas y ensayos de actividad 
antimicrobiana. 
 
III.1.1.3. Identificación molecular de hongos 
 
III.1.1.3.1. Extracción de ADN 
 
La extracción del ADN genómico se llevó a cabo en placas de 96 pocillos (ABgene 
2.2 mL Storage Plate, AB-0661, 96 Square well Storage Plate) a partir de 1 mL de 
inóculo. Se utilizó un kit de purificación de ADN para bacterias Gram-positivas 
(Master Pure TM Gram Positive DNA Purification Kit, Epicenter Biotechnologies). Con 
el fin de mejorar la extracción del ADN de los hongos se hicieron las siguientes 
modificaciones del protocolo indicado por el fabricante: a) en el primer paso de la 
purificación de ADN, y en el séptimo paso de la precipitación del ADN se centrifugó 2 
veces, b) el pellet de ADN se lavó con 200 μL de etanol al 70%, seguido de un proceso 
de desecación a 45ºC durante 15 minutos (Speed Vac ADN 120), y c) el ADN se 
resuspendió en 100 μL de agua milli-Q. 
 
Figura 17. Estado de una placa tras cortar discos de micelio con un transfer.  




III.1.1.3.2. Amplificación, purificación y secuenciación del ADN 
 
El ADN extraído se utilizó para amplificar la región espaciadora intergénica 
ribosomal ITS (fragmento ITS1-5.8S-ITS2), empleando los cebadores universales ITS1 
e ITS4 (White y col., 1990). El volumen final de la mezcla de reacción fue de 50 μL y 
contenía lo siguiente: 0,2 mM de los 4 DNTPs (Applied Biosystems), 0,05 μM de cada 
cebador, 5 μL del ADN extraído (10 ng/μL), tampón de reacción y 0,5 U de Taq 
polimerasa (Appligene, Illkirch, France). Se incluyó un control negativo que contenía 
todos los componentes de la reacción salvo el ADN. La PCR se llevó a cabo en un 
termociclador Thermocycler PCR PTC-200 (Bio-Rad), con un programa de 
amplificación consistente en 40 ciclos: 1 min, 95º; 1 min, 51ºC; y 2 min, 72ºC. Para 
comprobar que la amplificación del fragmento era correcta, todos los productos de 
PCR se separaron electroforéticamente en geles de agarosa al 1% (Invitrogen E-GelR 
48 1 % GP) en un Invitrogen E-Base (Figura 18). La visualización de las bandas se 
llevó a cabo con la cámara Gel Camera Images Reader (Modelo Ecx-20-M; Ecogen). 
Los productos de PCR se purificaron usando el protocolo de purificación Ilustra GFX 





III.1.1.3.3. Análisis de las secuencias 
 
Los productos de amplificación purificados se secuenciaron en el secuenciador 
automático ABI Prism Dye terminator cycle sequencing kit (Amersham Biosciences). 
Para cada muestra, se obtuvo una secuencia consenso del fragmento de estudio, 
solapando las secuencias de cada una de las dos direcciones (software Genstudio). Las 
secuencias se alinearon usando la aplicación Clustal W (Thompson y col., 1994). De 
Figura 18. (a) Invitrogen E-GelR 48 1 %( GP); (b) Invitrogen E-Base. 




manera paralela, las secuencias obtenidas fueron comparadas con secuencias 
depositadas en el banco de datos GenBank usando la aplicación BLAST. En cuanto al 
análisis filogenético, se aplicó el método del “neighbourd joining” (NJ) a partir de la 
matriz de distancias genéticas. Los análisis filogenéticos se confirmaron empleando el 
modelo de sustitución nucleotídica de máxima parsimonia, implementado en el 
programa PAUP, a partir del alineamiento múltiple, y realizando una búsqueda 
heurística con 1000 réplicas mediante el algoritmo TBR (“tree bisection recollection”). 
El soporte de los nodos se evaluó mediante “bootstrap” como una medida de confianza 








La histamina dihidroclorada y el 1,4-diaminobutano dihidroclorado (putrescina) 
fueron adquiridos a Fluka (Steinheim, USA), mientras que la tiramina hidroclorada 
fue suministrada por Sigma (St. Louis, USA). 
 
III.1.2.2. Screening de hongos capaces de degradar aminas biógenas 
 
Se utilizaron un total de 44 hongos previamente aislados de la planta y del suelo 
de la vid. Con el fin de inducir la actividad amino oxidasa en los hongos, se utilizó un 
medio de cultivo básico, el Yeast Carbon Base (YCB, Sigma), al que se añadió 0,05 g/L 
de histamina, tiramina o putrescina como única fuente de nitrógeno. El medio de 
cultivo se esterilizó por filtración (Millipore ExpressTM Plus, 0,22 μm) y después se 
distribuyó, con la ayuda de un Termo Multidrop Combi (Termo Scientific), en placas 
de 24 pocillos a razón de 4 mL/pocillo. A continuación, se transfirió aproximadamente 
0,5 cm de cada inóculo de hongo (Sección III.1.1.2) a su pocillo correspondiente, a 
excepción de los pocillos utilizados como control. Las placas se incubaron en agitación 
(200 rpm) a 22ºC y 70% de humedad relativa en cabinas Künhner durante 10 días. 
Los ensayos se hicieron por duplicado. 
 




Transcurrido el tiempo de incubación, se separó el micelio del hongo del medio 
de cultivo mediante filtración (Syringe Filters with Luer tip, Agilent Technologies). 
Para comprobar si los hongos habían degradado las aminas, se tomó 1 mL del medio 
filtrado y se analizó mediante RP-HPLC, según se indica en el apartado III.1.2.5. 
 
III.1.2.3. Degradación de aminas biógenas por hongos seleccionados 
 
Los hongos que mostraron mayor capacidad de degradación de las aminas 
biógenas, histamina, tiramina y putrescina, se seleccionaron para llevar a cabo un 
nuevo ensayo, en el que además se incluyeron dos microorganismos GRAS (“Generally 
Regarded As Safe”), Aspergillus oryzae CECT 2094 y Penicillium roqueforti CECT 
2905, procedentes de la Colección Española de Cultivos Tipo (CECT). La metodología 
y análisis empleados fueron los descritos en la sección anterior, pero además, se 
incluyó la medición del pH a tiempo inicial y tras la incubación. 
 
III.1.2.4. Degradación de aminas biógenas en vinos 
 
Para este ensayo se emplearon dos vinos comerciales, uno tinto y otro blanco, y 
un vino sintético. El vino tinto presentaba una concentración total de aminas biógenas 
de 43,97 mg/L (19,33 mg/L de histamina, 2,08 mg/L de tiramina y 22,56 mg/L de 
putrescina). El vino blanco fue dopado con 0,05 g/L de cada una de las aminas 
(histamina, tiramina y putrescina). El vino sintético se preparó mezclando etanol al 
12% (v/v) (VWR, Leuven, Bélgica) y 4 g/L de ácido tartárico (Panreac, Barcelona, 
España); tras ajustar el pH a 4 con NaOH (Panreac, Barcelona, España) se añadieron 
las aminas biógenas (0,05 g/L de histamina, tiramina y putrescina). 
 
El hongo seleccionado para este ensayo fue Penicillium citrinum CIAL-274,760 
(CECT 20782; aislado de la vid en el presente Trabajo), debido a su elevado potencial 
para degradar aminas biógenas en los ensayos previos. Para obtener los extractos 
crudos del hongo se procedió de la siguiente manera: en matraces con 25 mL de medio 
YCB y 0,05 g/L de histamina (extracto A), tiramina (extracto B) o putrescina (extracto 
C) se añadió 0,5 cm de inóculo de Penicillium citrinum. Para cada amina se utilizó un 
matraz como control que contenía sólo el medio de cultivo con la amina. Tras la 
inoculación, los matraces se incubaron en agitación (200 rpm), a 22ºC y 70% de 
humedad relativa durante una semana. Transcurrido el tiempo de incubación, los 




caldos de cultivo se filtraron usando filtros de 0.22 μm (Millipore ExpressTM Plus), 
obteniéndose así lo que denominamos extractos crudos del hongo. El experimento se 
realizó por duplicado. Para confirmar que el hongo había degradado las aminas, se 
tomó una alícuota (1mL) de cada extracto para su análisis por RP-HPLC. 
 
Para el ensayo con vino, se añadió 0,5 mL de extracto fúngico (o agua estéril en 
el caso del control) a 1 mL de vino tinto, blanco o sintético, y se incubó a 35ºC durante 
18 h; transcurrido este tiempo, la reacción se paró mediante la adición de 1,5 mL de 
HCl 1M. Las muestras se filtraron antes de su análisis por RP-HPLC.  
 
Los datos obtenidos se expresaron como porcentaje (%) de degradación de 
aminas biógenas en el vino problema respecto de su vino control.  
 
III.1.2.5. Análisis de aminas biógenas por RP-HPLC 
 
La determinación de aminas biógenas se realizó por cromatografía de líquidos de 
alta eficacia en fase inversa (RP-HPLC) según el método descrito por Marcobal y col. 
(2005). El sistema cromatográfico estaba constituido por una bomba Waters 600, un 
detector de fluorescencia HP 1046-A (Hewlett- Packard), y un inyector automático 
WISP 710B (Waters) conectado a un ordenador personal. El control del equipo se 
realizó utilizando el programa Millenium 32 (Waters, Milford, MA, USA). La 
separación se llevó a cabo en una columna Waters Nova-Pack C18 (150 x 3.9 mm i.d., 
60 Å, 4 μm). 
 
Las muestras se sometieron a una derivatización precolumna, en la cual las 
aminas reaccionaron con ortoftaldialdehido (OPA) (Fluka, Buchs, Suiza) en presencia 
de mercaptoetanol (Fluka, Buchs, Suiza), para formar un complejo detectable por 
fluorescencia. Para la preparación del reactivo derivatizante ortoftaldialdehido-
mercaptoetanol (OPA-MCE), en un matraz aforado de 10 mL se disolvieron 0,07 g de 
ortoftaldialdehido en 4,5 mL de metanol puro. Después, se añadieron, en este orden, 
0,5 mL de 2-β-mercaptoetanol y 4,5 mL de metanol puro. Por último, se enrasó hasta 
10 mL con metanol puro. Antes de su empleo, se filtró a través de un filtro de 0,45 μm 
(Symta, Madrid, España). El reactivo se preparaba al menos 24 h antes de su 
utilización, manteniéndose en refrigeración hasta su uso. 
 




Para la reacción de derivatización precolumna, se programó el inyector para que 
tomara sucesivamente 6 μL de tampón borato (0,4 M, pH 10,5) (Merck, Darmstadt, 
Alemania), 12 μL de la solución OPA–MCE y 16 μL de muestra. La mezcla se 
mantuvo 1 min en el bucle del inyector para que tuviera lugar la reacción antes de 
llegar a la columna. La derivatización de aminas y la separación de los derivados se 
realizó mediante un gradiente de elución de dos mezclas: Eluyente A: fosfato sódico 
(10 mM, pH 9) (Merck, Darmstadt, Alemania), y Eluyente B: 1% 2-octanol (Fluka, 












El análisis cuantitativo se llevó a cabo mediante el método del calibrado externo, 
obteniendo una recta de calibrado para cada una de las aminas de interés. El patrón 
de calibrado empleado se preparó en una mezcla agua - etanol (60/40; v/v), utilizando 
las aminas histamina, metilamina, etilamina, tiramina, feniletilamina, putrescina 
(diaminobutano) y cadaverina (diaminopentano) (Fluka, Buchs, Suiza) en las 
cantidades indicadas en la Tabla 5. Previamente a su empleo dicha solución se diluyó 










Tiempo (min) Flujo %A %B 
0,00 0,01 70,00 30,0 
5,00 0,10 70,00 30,0 
6,00 0,80 70,00 30,0 
20,00 0,80 50,00 50,00 
60,00 0,80 20,00 80,00 
61,00 0,80 70,00 30,0 
80,00 0,80 70,00 30,0 
82,00 0,00 70,00 30,0 








Tabla 5. Componentes y concentración (g/L) de la solución estándar de aminas biógenas. 
Tabla 4. Programa de gradiente utilizado para la detección de aminas biógenas. 




II.1.3. Ensayos de actividad antimicrobiana de extractos fúngicos 
 
III.1.3.1. Fermentaciones de los hongos 
 
Los medios de cultivo empleados para las fermentaciones de los hongos aislados 
fueron Dscas, Dex-Soy, Malt-HY-Yest, Mmk2, Mv8, Supermalt, Yes y Wheat-1. Estos 
medios incluyen diferentes fuentes de carbono y nitrógeno, con el fin de maximizar la 
producción de metabolitos secundarios. La elección de los medios se hizo en base a la 
experiencia de la Fundación MEDINA, (Parque Tecnológico de Ciencias de la Salud, 
Granada, España) en la búsqueda de compuestos bioactivos procedentes de hongos. La 
composición de los mismos es propiedad de dichos laboratorios. Una vez autoclavados, 
los medios se dispensaron en los pocillos de las placas de fermentación con la ayuda de 
un Termo Multidrop Combi (1 mL/pocillo). 
 
Para la dispensación de los inóculos de los hongos (Sección III.1.1.2.) en las 
placas de fermentación se utilizó un sistema de replicación denominado System Duezt 
(Figura 19) que opera con placas de 96 pocillos. En primer lugar, y con la ayuda de 
“transfers”, se transfirió aproximadamente 1 mL de cada inóculo de hongo a los 
pocillos de una placa (placa de 96 pocillos denominada “Master Plate”), reservándose 
también un pocillo para el control positivo (Emericella sp). A continuación, esta placa 
se situó debajo del replicador (Figura 19 a) para que los inóculos de los hongos se 
adhirieran a los pinchos del replicador.  
 
 
 Figura 19. Sistema de replicación System Duezt. 
Replicador 
Placa con hongos 
inoculados (a) 
Placa de fermentación con 
medio de cultivo (b) 
Medio Dscas 




Seguidamente se sustituyó esta placa por una placa de fermentación (Figura 19 
b) con medio de cultivo a fin de descargar el inóculo. Esta operación se repitió 5 veces 
para cada una de las ocho placas de fermentación conteniendo diferentes medios y se 
incubaron, con un ángulo de 85º, a 22ºC y 70% de humedad relativa durante 3 
semanas. 
 
Por último, el replicador también se utilizó para inocular una placa Ornitray 
(Nunc, Thermo Fisher Scientific Inc.) con medio YM agar y otra con Luria agar 
(Becton Dickinson, Le Pont de Claix, Francia), que se incubaron a 22ºC y 28ºC 
respectivamente y 70% de humedad relativa durante 3 días. La placa de YM agar se 
utilizó para comprobar si se había producido contaminación de alguno de los inóculos 
por otro hongo diferente al que se ha seleccionado, mientras que la placa de Luria se 
utilizó para verificar que no se había producido una contaminación por bacterias. 
 
III.1.3.2. Obtención de extractos fúngicos 
 
Una vez finalizado el período de incubación de las fermentaciones, se abrieron 
las placas y se separó el micelio adherido a la pared de los pocillos. Para ello, se utilizó 
un bloque de puntas de pipeta de 200 μL que se introdujo 5 veces en la placa de 
fermentación.  
 
Una vez separado el micelio, se añadieron 850 μL de acetona con un Termo 
Multidrop Combi. Después las placas se taparon y se centrifugaron a 220 rpm y 22ºC, 
durante 30 min, alternando el sentido de la rotación. Tras la centrifugación, se 
añadieron 170 μL de DMSO puro con el objetivo de retener los metabolitos en solución 
durante la posterior evaporación del solvente (acetona). Para evaporar la acetona, las 
placas (abiertas) se introdujeron en un centrífuga de vacío (Genevac HT-24) durante 
75 min a baja velocidad. 
 
Transcurrido el proceso de evaporación, las placas se centrifugaron a 3800 rpm 
durante 20 min. Los siguientes pasos se llevaron a cabo en un robot Beckman 96 head 
Biomeck FX (Figura 20), que tiene acoplado un carrusel y una cinta transportadora. 
Este robot se caracteriza porque puede utilizar unas placas de metal, denominadas 
“plungers” (Figura 20), cuyo diseño permite filtrar el contenido de las placas, 
obteniéndose así un sobrenadante completamente libre de micelio que es lo que 




denominamos extracto fúngico. De cada pocillo se obtuvieron aproximadamente 500 
μL de extracto que fueron transferidos a placas AB-gene AB-0765, en las cuales se 
añadió 165 μL de agua, obteniéndose un extracto cuya concentración era de 0,75x 
respecto del caldo de fermentación original y que contenía DMSO al 20%. Las placas 
se almacenaron a -4ºC hasta su uso. 
 








La actividad antimicrobiana de los extractos fúngicos se evaluó frente a un total 
de 7 microorganismos (5 patógenos y 2 bacterias lácticas). Las bacterias lácticas 
(bacterias probióticas) estudiadas fueron Lactobacillus plantarum LCH17 y 
Lactobacillus brevis LCH23, aisladas de leche materna humana (Martín y col., 2003; 
Jiménez y col., 2008), y que pertenecen a la colección de bacterias del CIAL y de la 
Facultad de Veterinaria de la UCM. En cuanto a los microorganismos patógenos, se 
utilizó E. coli O157:H7 (CECT 5947; sin factor de virulencia), suministrada por la 
CECT y Acinetobacter baumannii 5973, Candida albicans MY1055, Pseudomonas 
aeruginosa PAO1, y Staphylococcus aureus EP167 (S. aureus susceptible a la 
meticilina), pertenecientes a la Fundación Medina del Parque Tecnológico de Ciencias 
de la Salud, de Granada. 
 
 









III.1.3.3.2. Medios de cultivo 
 
Se emplearon medios de cultivo comerciales suministrados por diferentes 
proveedores. En la Tabla 6 se describen los medios de cultivo y condiciones de 
incubación utilizados para cada microorganismo. Dichos medios se disolvieron en 
agua destilada y se autoclavaron a 121ºC y 1 atmósfera durante 45 minutos, con 
excepción del medio RPMI modificado (10,4 g RPMI/L (Sigma, EEUU), 6,7 g/L de 
Yeast Nitrogen Broth (Sigma, EEUU), 40 mL/L Hepes (Invitrogen, EEUU) 1M, 36 
mL/L de glucosa al 50 % (esterilizada por filtración (Millipore ExpressTM Plus, 
0,22μm)) y 900 mL de agua milliQ). 
 
Tabla 6. Medios de cultivos empleados y condiciones de incubación. 
 
 
III.1.3.3.3. Disoluciones de los antibióticos 
 
Los antibióticos utilizados fueron ampicilina, anfotericina B, ciprofloxacina, 
novobiocina, penicilina G y rifampicina, todos ellos suministrados por Sigma (St. 
Louis, EEUU). Los disolventes que se utilizaron para hacer las diluciones de los 
antibióticos fueron, DMSO 20% para la anfotericina B, novobiocina y rifampicina, y 





Cepa Clasificación Medio de cultivo 
Condiciones  
de incubación 
L. brevis LCH23 Gram positiva Caldo MRS 30 h, 37ºC 
L. plantarum LCH17 Gram positiva Caldo MRS 24 h, 37 ºC 
A. baumannii 5973 Gram negativa Mueller Hinton (MH) 20 h, 37ºC 
C. albicans MY1055 Levadura RPMI modificado 20 h, 30ºC 
E. coli CECT 5947 Gram negativa Luria Broth (LB) + cloranfenicol (25 μg/ml) 18 h, 37 ºC 
P. aeruginosa PAO1 Gram negativa Luria Broth (LB) 20 h, 37ºC 
S. aureus EP167 Gram positiva Luria Broth (LB) + cloranfenicol (34 μg/ml) 20 h, 37ºC 




III.1.3.3.4. Curvas de crecimiento 
 
Para cada microorganismo, se inoculó una colonia en 15 mL de medio líquido y 
se incubó estáticamente a la temperatura adecuada (Tabla 6). Para determinar la 
curva de crecimiento, se tomaron alícuotas a diferentes tiempos de incubación y se 
midió la absorbancia a 612 nm en un espectrofotómetro Tecan Ultraevolution 
(EEUU), hasta que el cultivo alcanzó la fase estacionaria de crecimiento. 
Paralelamente se midió la absorbancia del control que sólo contenía medio de cultivo. 
Todas las determinaciones se hicieron al menos por triplicado. 
 
En el caso de las bacterias lácticas, las curvas de crecimiento se realizaron en 
condiciones aerobias, y anaerobias en un incubador Thermo Fisher (Waltham, EEUU) 
con una atmósfera de 5% de CO2. 
 
III.1.3.3.5. Cálculo de unidades formadoras de colonias (CFU)/mL 
 
Para cada microorganismo, con un asa de siembra se inoculó una colonia en un 
matraz con 20 mL de medio de cultivo líquido (Tabla 6). Se incubó el tiempo necesario 
para que las cepas alcanzaran la fase estacionaria de crecimiento. A continuación, se 
hicieron diluciones seriadas en suero salino 0,9% estéril y se sembraron 100 μL de las 
diluciones 10-5, 10-6, y 10-7 en el medio sólido correspondiente. Las placas se incubaron 
el tiempo y a la temperatura indicados en la Tabla 6. Al cabo de este tiempo de 
incubación, se procedió al recuento de colonias.  
 
Para preservar los microorganismos, se tomaron 800 μL del cultivo del matraz y 
se añadieron a criotubos estériles que contenían 800 μL de glicerol al 20%. Se 
almacenaron a -80ºC. 
 
III.1.3.3.6. Preparación del inóculo  
 
Para todas los microorganismos, a excepción de C. albicans, el tamaño de inóculo 
a ensayar se fijó en 1x106 CFU/mL. Se calculó el volumen de partida de la mezcla 
medio de cultivo + glicerol (Sección III.1.3.3.5.) para obtener este tamaño de inóculo. 
El medio de cultivo se usó como diluyente. 
 




En el caso de la levadura C. albicans, el tamaño de inóculo se fijó en 1x107 
CFU/mL, debido al crecimiento más lento de esta levadura en relación a las bacterias. 
En base a trabajos previos (Roemer y col., 2003; Bills y col., 2009; Vicente y col., 2009), 
se conocía la relación entre la absorbancia y la densidad de población de C. albicans, 
de manera que se usó medio de cultivo como diluyente, hasta obtener un valor de 
absorbancia de 0,25. A continuación, se diluyó 1/10, lo que permitió obtener la 
concentración deseada (1,0 x 107 CFU/mL).  
 
III.1.3.3.7. Ensayo para determinar la actividad antimicrobiana 
 
La determinación de la actividad antimicrobiana se llevó a cabo empleando un 
método comúnmente utilizado para la evaluación y desarrollo de nuevos antibióticos. 
Todos los ensayos se realizaron en medio líquido, en formato de placa microtiter, y 
siguiendo la técnica de microdilución de acuerdo con las directrices de la CLSI (Clinic 
Laboratory Standards Institute, 2006). En un primer paso, la estación de pipeteo 
Tecan Aquarius (Tecan, EEUU) dispensó en placas de 96 pocillos (Microtiter 96-
plates, Costar 3370, Corning, EEUU) (Figura 21) 10 μL de control positivo (posiciones 
A12-D12), 10 μL de control negativo (E12-H12), 10 μL de DMSO al 20% (A1-H1) y 10 




En un segundo paso, con una pipeta multicanal, se añadieron 90 μL de medio de 
cultivo a las posiciones A1-D1 (blanco) y 90 μL de inóculo a las posiciones E1-H1 
(control de crecimiento) y A2-H12 (muestras y controles positivos y negativos). 
 
Una vez que las placas estuvieron preparadas, se leyó la absorbancia a 612 nm 
correspondiente al tiempo inicial (tiempo 0) en un espectrofotómetro Tecan 
Figura 21. Placa de 96 pocillos utilizada para los ensayos de actividad antimicrobiana. 




Ultraevolution (Tecan, EEUU). Después las placas se incubaron estáticamente según 
las condiciones indicadas en la Tabla 6. Transcurrido el tiempo de incubación, y antes 
de realizar la lectura a tiempo final (tiempo F), todas las placas, con excepción de las 
de P. aeruginosa PAO1, se agitaron en un Micromix (AB-gene 0661, Thermo Fisher 
Scientific, EEUU) con el fin de disolver los posibles precipitados que se hubiesen 
formado.  
 
Para calcular el porcentaje de inhibición de los extractos fúngicos frente a los 
microorganismos de estudio se empleó la fórmula siguiente: 
 
 
Muestra Muestra Blanco Blanco
Control crecimiento Control crecimiento Blanco Blanco
(TF  - T0 ) - (TF  - T0 )%Inhibición = 1 - 100




donde Muestra MuestraTF  y  T0  se corresponde a la absorbancia a 612 nm del 
microorganismo incubado en presencia del extracto fúngico,  
Blanco BlancoTF  y  T0  se corresponde a la absorbancia a 612 nm del medio de cultivo 
incubado en presencia de DMSO, y 
Control crecimiento Control crecimientoTF  y  T0  se corresponde a la absorbancia a 612 nm del 
microorganismo incubado en ausencia del extracto fúngico.  
 
En el caso de los microorganismos patógenos, se consideró que para que un 
extracto fúngico fuera activo, los valores de los porcentajes de inhibición tenían que 
estar por encima del 30% en el caso de C. albicans MY1055, 50% para A. baumannii 
5973, E. coli CECT 5947 y P. aeruginosa PAO1, y 60% en el caso de S. aureus EP167. 
Estos valores se seleccionaron en base a la susceptibilidad de las cepas estudiadas 
frente a los extractos fúngicos, la cual es cepa-dependiente. Este enfoque, 
comúnmente utilizado para el estudio de productos naturales (Bills y col., 2008; 
Vicente y col., 2009), selecciona valores de corte lo suficientemente altos como para 
obtener una repetibilidad de los resultados. Además, los extractos fúngicos activos de 
interés tenían que ser inactivos o inhibir por debajo del 10% a las bacterias lácticas. 
 
 




III.1.3.3.8. Ensayo para determinar la susceptibilidad de las cepas a los antibióticos 
 
Este ensayo se hizo con el objetivo de seleccionar los antibióticos y las 
concentraciones a usar como control positivo y negativo para los distintos 
microorganismos. En placas de 96 pocillos se dispensaron 10 μl de cada dilución de 
antibiótico junto con 90 μL de inóculo. Paralelamente, para el control de crecimiento, 
se pusieron 10 μL del disolvente utilizado en la dilución del antibiótico (agua estéril 
para ciprofloxacina y penicilina G, y DMSO 20% para anfotericina B, novobiocina y 
rifampicina) junto con 90 μL de inóculo. A continuación, se llevó a cabo una lectura de 
absorbancia a 612 nm correspondiente al tiempo 0. Después, las placas se incubaron 
estáticamente el tiempo necesario para cada microorganismo según se recoge en la 
Tabla 6. Una vez transcurrido este tiempo, y antes de realizar la lectura del tiempo 
final, todas las placas, con excepción de las de P. aeruginosa, se agitaron con el fin de 
disolver los posibles precipitados que se hubiesen formado. El ensayo se hizo al menos 
por triplicado. 
 
III.1.3.3.9. Detección de metabolitos en extractos fúngicos activos 
 
El análisis de los extractos fúngicos activos (2 μL) se llevó a cabo mediante 
cromatografía líquida con detector ultravioleta-visible de diodos alineados, y acoplada 
en serie a un espectrómetro de masas de simple cuadrupolo con ionización por 
electronebulización (HPLC-DAD-ESI-MS).  
 
Se utilizó un cromatógrafo de líquidos Agilent 1100 (Santa Clara, CA). La 
separación se llevó a cabo en una columna Zorbax SB-C8 (2.1 x 30 mm) a una 
temperatura de 40ºC. El sistema de gradiente estuvo compuesto por (fase) A- agua/ 
acetonitrilo (90:10, v/v) conteniendo ácido trifluoroacético (1,3 mM) y formiato amónico 
(1,3 mM), y B-acetonitrilo/agua (90:10, v/v), conteniendo ácido trifluoroacético (1,3 
mM) y formiato amónico (1,3 mM), empleando un flujo de 0.3 mL/min. El  gradiente 
de elución fue: 10-100 % de B, de 0 a 6 min; 100% de B, de 6 a 8 min; y 100-10 % de B, 
de 8 a 10 min.   
 
Se trabajó en modo de electrospray positivo y negativo, empleando nitrógeno 
como gas nebulizador y de desolvatación. La temperatura del gas de desolvatación fue  
325ºC; el flujo del gas de nebulización 11 L/min; y el voltaje de capilar, 3,5 kV.  





Para evitar falsos positivos, los medios de cultivo, tratados de igual manera que 
los extractos, se utilizaron como controles. 
 
 
III.2. Métodos para evaluar el efecto de los polifenoles sobre la microbiota humana 
 
III.2.1. Compuestos y extractos fenólicos 
 
Se ensayaron un total de 22 compuestos y 6 extractos fenólicos. Los compuestos 
fenólicos fueron suministrados por distintas casas comerciales: (+)-catequina, ácido 
3,4-dihidroxicinámico (ácido cafeico), ácido 3,4,5-trihidroxibenzoico (ácido gálico), 
ácido 3-hidroxibenzoico, ácido 3,4-dihidroxibenzoico (ácido protocatéquico), y ácido 3-
hidroxifenilacético, de Sigma (St. Louis, MO, EEUU); (-)-epicatequina, ácido 4-
hidroxibenzoico, ácido 4-hidroxi-3-metoxibenzoico (ácido vainillínico), ácido 3,4-
dihidroxifenilacético, y ácido 3,4-dihidroxifenilpropiónico, de Fluka AG (Buchs, Suiza); 
ácido 4-hidroxifenilacético y ácido 4-hidroxifenilpropiónico de Janssen Chimica 
(Beerse, Bélgica); 4-hidroxi-fenil-etil alcohol (tirosol), 3-(2-hidroxietil(indol) (triptofol), 
ácido benzoico y ácido fenilacético de Aldrich (Steinheim, Alemania); galato de etilo, 
ácido fenilpropiónico y procianidinas B1 y B2 de Extrasynthese (Genay, Francia) y 
ácido 3-hidroxifenilpropiónico, de Alfa Aesar (Karlruhe, Alemania).  
 
Por otra parte, se ensayaron 6 extractos polifenólicos de distinto origen y 
composición, según se describe en la Tabla 7. El extracto Vitaflavan®, y las fracciones 
purificadas en procianidinas (GSE-O) y en monómeros de flavan-3-oles a partir del 
Vitaflavan® (GSE-M), fueron suministradas por el Dr. Piriou, de la empresa Les 
Dérives Resiniques & Terpéniques, S.A. (Francia). El extracto Provinols™ fue 
suministrado por la empresa Safic-Alcan Especialidades, S.A.U. (Barcelona). El 
extracto Eminol® fue suministrado por Central Lechera Asturiana (CAPSA, España). 









Tabla 7. Características de los extractos fenólicos utilizados. 
M: Monómeros; P: Procianidinas; nd: no determinado 
 
Para determinar la actividad antimicrobiana de compuestos y extractos fenólicos 
frente a patógenos respiratorios de la cavidad oral,  se prepararon soluciones stock de 
10 mg/mL en dimetilsulfóxido (DMSO) al 10% para todos los compuestos y extractos, 
excepto para el ácido cafeico que se disolvió en DMSO al 30%. Antes de cada ensayo, 
las soluciones stock se diluyeron en agua estéril, abarcando un intervalo de 
concentraciones comprendido  entre 10000 μg/mL y 78,1 μg/mL. 
 
Por otro lado, y con el fin de evaluar la actividad antimicrobiana de compuestos 
fenólicos presentes en el vino, así como de ácidos fenólicos derivados del metabolismo 
microbiano de los mismos sobre bacterias intestinales, se prepararon soluciones stock 
de 10 mg/mL en dimetilsulfóxido (DMSO) al 20% para todos los compuestos fenólicos, 
excepto para los ácidos benzoico y vainillínico, cuya solución stock fue de 20 mg/mL en 
DMSO al 50%. Antes de cada ensayo, las soluciones stock se diluyeron en agua estéril, 
abarcando un intervalo de concentraciones comprendido entre 10000 μg/mL y 625 
μg/mL. 
 
A continuación, en la Tabla 8 se muestran los compuestos y/o extractos 
utilizados para los ensayos de actividad antimicrobiana, fermentación con muestras 















% M % P 
      
Vitaflavan® Pepita de uva 629 21,4 20 80 
GSE-M Pepita de uva 750 40,6 50 42 
GSE-O Pepita de uva 699 24,8 7 93 
Eminol® Orujo uva tinta 33,8 1,43 nd nd 
Provinols™ Vino tinto 474 14,5 nd nd 
Revidox® Hollejos uva tinta 514 17 nd nd 




Tabla 8. Compuestos y extractos fenólicos utilizados para cada uno de los ensayos. 
 
 
III.2.2. Evaluación de la actividad antimicrobiana  
 
La actividad antimicrobiana de compuestos y extractos fenólicos frente a 
patógenos respiratorios de la cavidad oral se evaluó frente a 7 microorganismos 
patógenos, que incluyen una cepa tipo procedente de la “American Type Culture 
Collection” (ATCC), y 6 aislados clínicos procedentes del Hospital Ramón y Cajal de 
Madrid. La cepa tipo utilizada fue Staphylococcus aureus ATCC 25923, mientras que 
los aislados clínicos fueron Enterococcus faecalis V583, Moraxella catarrhalis, 
Streptococcus sp Grupo F, Streptococcus agalactiae, Streptococcus pneumoniae y P. 
aeruginosa PAO1. 
 
Ensayo Compuestos fenólicos Extractos fenólicos 
 
Actividad antimicrobiana 
de bacterias de la 





tirosol, triptofol, ácido gálico, 
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En cuanto a la actividad antimicrobiana de compuestos y ácidos fenólicos frente 
a bacterias intestinales, se evaluó frente a un total de 12 microorganismos (6 
patógenos y 6 bacterias lácticas). Las bacterias lácticas estudiadas fueron 
Lactobacillus paraplantarum LCH7, Lactobacillus plantarum LCH17, Lactobacillus 
fermentum LPH1, Lactobacillus fermentum CECT 5716 y Lactobacillus brevis 
LCH23, aisladas de leche materna humana (Martín y col., 2003; Jiménez y col., 2008), 
y que pertenecen a la colección de bacterias del CIAL y de la Facultad de Veterinaria 
de la UCM. Los microorganismos patógenos que se utilizaron fueron E. coli ATCC 
25922 y E. coli O157:H7 (CECT 5947; sin factor de virulencia), suministradas por la 
Colección Española de Cultivos Tipo (CECT) y E. coli lpxC/tolC, Candida albicans 
MY1055, Staphylococcus aureus EP167 (S. aureus susceptible a la meticilina), y 
Pseudomonas aeruginosa PAO1 pertenecientes a la Fundación Medina del Parque 
Tecnológico de Ciencias de la Salud de Granada. 
 
Los medios de cultivo empleados así como las condiciones de incubación óptimas 
para cada microorganismo se describen en la Tabla 9. El ensayo de actividad 
antimicrobiana se llevó a cabo de acuerdo a la metodología descrita anteriormente en 
la Sección III.1.3.3.7. para los extractos fúngicos, con dos diferencias: por un lado, el 
volumen final en el pocillo fue de 200 μL (20 μL de control, disolvente o 
compuesto/extracto, más 180 μL de medio o medio con inóculo), y por otro, que la 
medición de la absorbancia se realizó a 550 nm en un lector de placas Varioskan Flash 




Tabla 9. Medios de cultivos empleados y condiciones de incubación. 




Actividad antimicrobiana de bacterias 
de la cavidad oral 
    
Enterococcus faecalis V583 Gram positiva Aislado clínico TSB 20h, 37ºC 
Moraxella catarrhalis  Gram negativa Aislado clínico TSB 24h, 37ºC 
Pseudomona aeruginosa PAO1  Gram negativa Aislado clínico LB 20h, 37ºC 
Staphylococcus aureus ATCC 25923 Gram positiva Cepa tipo TSB 20h, 37ºC 
Streptococcus sp Grupo F Gram positiva Aislado clínico BHI 24h, 37ºC 
Streptococcus agalactiae Gram positiva Aislado clínico BHI 24h, 37ºC 
Streptococcus pneumoniae 
 
Gram positiva Aislado clínico TSB 24h, 37ºC 
Actividad antimicrobiana de bacterias 
intestinales 
    
Bacterias lácticas     
Lactobacillus brevis LCH23 Gram positiva Leche materna humana MRS 30h, 37ºC 
Lactobacillus coryniformis CECT 5711 Gram positiva Queso cabra MRS 30h, 37ºC 
Lactobacillus fermentum CECT 5716 Gram positiva Leche materna humana MRS 30h, 37ºC 
Lactobacillus fermentum LPH1 Gram positiva Leche materna humana MRS 30h, 37ºC 
Lactobacillus plantarum LCH17 Gram positiva Leche materna humana MRS 24h, 37ºC 
Lactobacillus paraplantarum LCH7 
 
Gram positiva Leche materna humana MRS 24h, 37ºC 
Microorganismos patógenos     
Candida albicans MY1055 Levadura Cepa laboratorio RPMI modificado 20h 30ºC 
E. coli ATCC 25922  Gram negativa Cepa tipo TSB 18h 37ºC 
E. coli O157:H7 (CECT 5947)  Gram negativa Cepa tipo LB + cloranfenicol (25µg/ml) 18h 37ºC 
E. coli lpxC/tolC  Gram negativa Cepa laboratorio LB 20h, 37ºC 
Staphylococcus aureus EP167   Gram positiva Cepa laboratorio LB + cloranfenicol (34µg/ml) 20h, 37ºC 
Pseudomonas aeruginosa PAO1 
 
 Gram negativa Cepa laboratorio LB 20h, 37ºC 
  




III.2.3. Ensayos de fermentación  con muestras fecales 
  
Se realizaron 3 ensayos de fermentación con heces frescas de 3 voluntarios sanos 
(mujeres, con edades comprendidas entre los 26 y 28 años), que no habían tomado 
antibióticos al menos durante los 6 meses previos al estudio. Las muestras de heces 
recogidas se prepararon mediante dilución en PBS anaeróbico (1/10, p/v), seguida de 
una homogeneización en un “stomacher” durante 2 min. 
 
El medio de cultivo utilizado estaba compuesto por agua de peptona (2g/L, 
Oxoid), extracto de levadura (2 g/L, Oxoid), NaCl (0,1 g/L, Fisher Scientific), K2HPO4 
(0,04 g/L, BDH), KH2PO4 (0,04 g/L, BDH), NaHCO3 (2 g/L, Fisher Scientific), MgSO4 
7H2O (0,01 g/L, BDH), CaCl2 6H2O (0,01 g/L, Fluka), Tween 80 (2 mL/L, Sigma), 
hemina (50 mg/L, Sigma), vitamina K (10 µL/L, Sigma), cisteína-HCl (0,5 g/L, Sigma), 
sales biliares (0,5 g/L, Oxoid), y resazurina (1 mg/L, Sigma). En cada ensayo, se 




En cada fermentador se añadieron 135 mL de medio de cultivo, previamente 
autoclavado, que se inocularon con 15 mL del homogeneizado de heces. 
Posteriormente, al medio inoculado se le añadió 90 mg de los siguientes extractos: 
Vitaflavan®, fracción purificada en procianidinas (GSE-O), fracción purificada en 
monómeros de flavan-3-oles (GSE-M) y Provinols™ (concentración final de los 
extractos en el fermentador: 600 mg/mL). En los otros dos fermentadores restantes, se 
incluyó un control positivo (Raftilosa P95, Orafti) y un control negativo (sólo medio de 
cultivo inoculado con heces). En todo momento, los fermentadores se mantuvieron en 
Figura 22. Sistema de fermentación in vitro de los extractos/fracciones fenólicas a estudio con las 
bacterias presentes en las muestras fecales. 
 




condiciones anaerobias, gracias a un suministro continuo de nitrógeno libre de 
oxígeno. La temperatura se fijó a 37ºC y el pH se ajustó a 7,0. Para mantener la 
temperatura constante, los fermentadores disponían de un sistema de camisas 
conectado a un baño de agua. El pH se controló mediante el empleo de alimentadores 
que añadían gotas de NaOH (1M) o HCl (1M) según fuese necesario. A las 0, 5, 10, 24, 
30 y 48 horas de incubación, se tomaron muestras tanto para los análisis de las 
poblaciones bacterianas por FISH (750 µL), como para los análisis de metabolitos por 
UPLC-PAD-ESI-TQ MS (1 mL x 5).  
 
III.2.3.1. Cuantificación de las poblaciones bacterianas mediante 
Fluorescencia con Hibridación In Situ (FISH) 
 
Las poblaciones bacterianas se cuantificaron mediante la técnica de FISH, 
siguiendo el método establecido por Daims y col. (2005). Dicho método utiliza sondas 
de oligonucleótidos marcadas con el colorante fluorescente cianina 3 (Cy3; excitación λ 
514 nm; emisión λ 566 nm; color rojo-anaranjado fluorescente,) (Sigma Genosys, UK), 
que son capaces de hibridar con regiones específicas de moléculas de ARNr de 
determinados grupos bacterianos presentes en la microbiota intestinal (Tabla 10). 
 
En la Figura 23 se muestra un esquema de los diferentes pasos para llevar a 
cabo la técnica de FISH. El primer paso para llevar a cabo el recuento de poblaciones 
bacterianas por FISH fue fijar las células. Para ello, se mezclaron 375 µL de muestra 
(procedente del fermentador) junto con 1125 µL de paraformaldehido al 4% (p/v) y se 
incubaron a 4ºC durante al menos 4 h. Tras la incubación, las células se centrifugaron 
a 13000 rpm, 5 min. Una vez descartado el sobrenadante, las células se lavaron con 1 
mL de tampón fosfato salino (PBS; 0,1M, pH 7,0) y se centrifugaron a 13000 rpm 5 
minutos. El pellet se resuspendió en una mezcla de 300 µL de PBS/99% etanol (1:1 
v/v).  
 
Una vez terminada la fijación, las células se diluyeron con PBS/SDS 10% (1:1000 
v/v), y 20 µL de las diluciones se añadieron a un portaobjetos de Teflón/poli-L-lisina 














Sonda Secuencia (5´- 3´) Microorganismos 
diana 
Tratamiento 
previo a la 
hibridación 
% Formamida 
en buffer de 
hibridación 
Temperatura (ºC) Referencia 
Hibridación Lavado 
Bac303 CCAATGTGGGGACCTT Bacteroides spp No 0 46 48 Manz y col., 1996 
Bif164 CATCCGGCATTACCACCC Bifidobacterium spp Lisozima 0 50 50 Langendijk y col., 1995 
Chis150 TTATGCGGTATTAATCTYCCTTT 
Grupo de Clostridium 
histolyticum 




Lisozima 0 50 50 Harmsen y col., 1999 
EUB338a GCTGCCTCCCGTAGGAGT Dominio Bacteria No 35 46 48 Daims y col., 1999 
EUB338IIa GCAGCCACCCGTAGGTGT Dominio bacteria No 35 46 48 Daims y col., 1999 
EUB338IIIa GCTGCCACCCGTAGGTGT Dominio bacteria No 35 46 48 Daims y col., 1999 
Tabla 10.  Sondas y condiciones de incubación empleadas para la cuantificación de poblaciones bacterianas por FISH. 





Figura 23. Esquema de la hibridación con fluorescencia in situ (FISH). 
 
Las muestras se fijaron en el portaobjetos por medio de calor (46ºC-50ºC) 
durante 15 min, y en el caso de las sondas Bif164 y Lab158, se añadieron 20 µL de 
una solución de lisozima (10 mg/mL) que hidroliza las uniones β(1     4) entre los 
residuos de N-acetilmurámico y N-acetil-D-glucosamina del peptidoglicano y entre 
residuos de N-acetil-D-glucosamina de la ciclodextrina, aumentando la permeabilidad 
de la célula frente a las sondas.  
 
Posteriormente, las muestras se deshidrataron en alcohol (etanol al 50, 80 y 96 
%; 3 min en cada uno). Este proceso provoca la rotura de la membrana celular, 
permitiendo que la sonda fluorescente penetre en el interior la célula. Una vez rota la 
membrana, se añadieron 50 µL de la mezcla de hibridación (45 µL de tampón de 
hibridación y 5 µL de sonda específica) a cada una de las muestras del porta. El 
tampón de hibridación para las sondas Bac303, Bif164, Lab158, Chis150 estaba 
constituido por 180 µL de NaCl 5 M, 20 µL de tampón Tris/HCl (pH 8.0) 1 M, 799 µL 
de agua destilada y 1 µl de SDS 10% para 1 mL de solución final, mientras que en el 
caso de EUB338, EUB338II y EUB338III estaba constituido por 180 µL de NaCl 5 M, 
20 µL de tampón Tris/HCl (pH 8.0) 1 M, 350 µL de formamida, 449 µL de agua 
destilada y 1 µL de SDS 10%. La hibridación se llevó a cabo durante 4 h en un 
incubador de microarrays (Grant-Boekel, Cambridge, UK) a la temperatura adecuada 










ARNr 16 S 
 









Microscopía de fluorescencia 
l róforo 




Transcurrido el tiempo de incubación, las muestras hibridadas con las sondas 
Bac303, Bif164, Chis150 y Lab158 se lavaron durante 15 min con un tampón 
constituido por 9 mL de NaCl 5 M, 1 mL de tampón Tris/HCl (pH 8) 1 M, 40 mL de 
agua y 20 µL de 4,6-diamidino-2-fenilindol (DAPI; Sigma), mientras que en el caso de 
la sondas EUB338, EUB338II y EUB338III la composición fue 0,70 mL de NaCl 5 M, 
1mL de tampón Tris/HCl (pH8) 1 M, 0,5 de EDTA (pH 8) 0,5 M, 47,8 mL de agua 
destilada y 20 µL de DAPI. La temperatura a la que se realizó el lavado se muestra en 
la Tabla 10. Transcurrido este tiempo, los portaobjetos  se sumergieron durante 3 
min en agua Milli-Q fría para eliminar los cristales procedentes de las sales del buffer 
de lavado, los cuales emiten fluorescencia que podría interferir en la observación de 
las células al microscopio. Posteriormente, las muestras se secaron con aire 
comprimido dentro de una campana de extracción. Por último, se añadieron 5 µL de 
ProLong® Gold “antifade reagent” (Invitrogen) a cada muestra y se cubrieron con un 
cubreobjetos (20 mm) (VWR, Lutterworth, UK). Los portaobjetos se almacenaron en la 
oscuridad a temperatura ambiente durante 24 h.  
 
El microscopio utilizado para observar las muestras estaba equipado con una 
lámpara fluorescente (Nikon Eclipse, E400). Las células teñidas con DAPI se 
examinaron bajo luz ultravioleta, mientras que las células hibridadas se visualizaron 
utilizando un filtro DM510. Para el recuento de bacterias se eligieron aleatoriamente 
15 zonas para cada muestra. La determinación del número de bacterias se llevó a cabo 
mediante la siguiente ecuación: 
 
                                      DF x ACC x 8702,47 x 50 x Dfsample 
 
donde DF es el factor de dilución, ACC es la media del recuento de bacterias en 
15 zonas y Dfsample es la dilución de muestra utilizada para cada sonda. Los valores de 
8702,47 y 50 proceden, respectivamente, de dividir el área del pocillo entre el área que 
se visualiza a través del microscopio y de la conversión de nuestro resultado en 
número de células por mL. 
  
Por último, y con el objetivo de determinar los cambios que los extractos 
fenólicos producían en la microbiota intestinal (concretamente en los grupos 
bacterianos evaluados con las sondas), se llevó a cabo el cálculo de el “índice específico 
de bacterias”(ISB) que viene definido por la siguiente ecuación: 





                            ISB = (Ns (T1) –Ns (T0)) – (Nc (T1) – Nc (T0)) 
 
donde Ns es el número en log de bacterias en presencia del extracto fenólico, Nc 
es el número en log de bacterias presentes en el control negativo, T1 es un tiempo de 
incubación determinado y T0 es el tiempo 0 h.  
 
III.2.3.2. Análisis dirigido de compuestos fenólicos por ULPC-DAD-ESI-TQ 
MS 
 
El análisis de los extractos fenólicos así como de los sobrenadantes fecales 
procedentes de los ensayos de fermentación, se llevó a cabo mediante cromatografía de 
líquidos de ultra alta eficacia con detector ultravioleta-visible de diodos alineados y 
acoplados en serie a un espectrómetro de masas de triple cuadrupolo con ionización 
por electronebulización (UPLC-DAD-ESI-TQ MS). El equipo utilizado fue un sistema 
Waters Aquity UPLC constituido por una bomba binaria y un detector DAD modelo eλ 
acoplados a un analizador de masas de triple cuadrupolo con fuente de ionización ESI. 
La separación cromatográfica se llevó a cabo en una columna Waters® UPLC BEH C18 
(2,1 x 100 mm; 1,7 µm) a una temperatura de 40ºC y empleando un flujo de 0,5 
mL/min.  
 
Se utilizaron 2 métodos, uno para el análisis de flavan-3-oles y metabolitos 
fenólicos (Sánchez-Patán y col., 2011), y otro para antocianinas (pendiente de 
publicación). Para el análisis de flavan-3-oles y metabolitos fenólicos se utilizaron 
como eluyentes: A- agua/ácido acético (98:2, v/v) y B-acetonitrilo/ácido acético (98:2, 
v/v). El gradiente de elución fue: 0-1,5 min: 0,1% B, 1,5-11,17 min: 0,1-16,3% B, 11,17-
11,5 min: 16.3-18.4% B, 11,5-14 min: 18,4% B, 14-14,1 min: 18,4-99,9% B, 14,1-15,5 
min: 99,9% B, 15,5-15,6 min: 0.1% B, 15,6-18 min: 0,1% B. Para el análisis de 
antocianinas, se utilizaron como eluyentes: A- agua/ácido fórmico (90:10, v/v) y B-
acetonitrilo. El gradiente de elución fue: 0-1 min: 5% B, 1-8,09 min: 5-30% B, 8,09-8,67 
min: 30-100% B, 8,67-9,84 min: 100-5%B, 9,84-12,17 min: 5% B.  
 
Para ambos métodos, los parámetros de ionización fueron: voltaje del capilar, 3 
kV; fuente de temperatura, 130ºC; temperatura desolvatación, 400ºC; flujo gas 
desolvatación (N2), 750 L/h; flujo gas (N2) del cono, 60 L/h. La fuente de ionización se 




utilizó en modo negativo para los flavan-3-oles y metabolitos, y en modo positivo para 
las antocianinas. Para llevar a cabo la cuantificación, el espectrómetro de masas 
funcionó en modo MRM, utilizando la transición de cada compuesto, previamente 
optimizada con estándares. 
 
Previo a la inyección, los extractos fenólicos se filtraron a través de filtros de 
0.22 µm PVDF, Watford, Herts, UK). En el caso de las muestras fecales, se 
descongelaron y se centrifugaron a 13000 rpm y 20ºC durante 10 min. Después, los 
sobrenadantes fecales libres de células se filtraron a través de filtros de 0,22 µm. En 
ambos casos, el filtrado se diluyó (1:1, v/v) con una mezcla de agua/acetonitrilo (60:40, 
v/v) para posteriormente inyectar 2 µL en la columna. 
 
Para la cuantificación, los datos fueron recogidos en el modo de reacción 
múltiple (MRM), siguiendo la transición de los iones padre y producto específicos para 
cada compuesto, y usando curvas de calibración externas (Sánchez-Patán y col., 2011). 
 
III.2.3.3. Análisis no dirigido de compuestos fenólicos en el extracto de vino 
tinto 
 
Con el fin de obtener una visión global de la composición del extracto fenólico de 
vino (Provinols™), se llevaron a cabo algunos experimentos mediante espectrometría 
de masas de inyección directa (DI-MS). El equipo utilizado fue un Agilent 1200 
Agilent Technologies (Santa Clara, CA), equipado con una bomba binaria, un inyector 
automático y un horno de columna acoplado en serie a un espectrómetro de masas 
Agilent 6520 con analizador de tiempo de vuelo y con ionización por 
electronebulización (DI-ESI-QTOF MS).  
 
Se utilizaron 5 mg de extracto fenólico de vino, que tras disolverse en 1 mL de 
una mezcla metanol/agua (50:50; v/v), se filtró a través de un filtro de 0.45 µm. Se 
inyectaron 5 µL del filtrado en el sistema LC (sin columna). El eluyente utilizado fue 
una mezcla de acetonitrilo/agua (75:25, v/v); se empleó un flujo de 100 µL/min. Los 
parámetros de ionización, previamente optimizados (Quinanilla-López y col., 
pendiente de publicación), fueron los siguientes: voltaje del capilar, 4.5 kV; 
temperatura gas desolvatación, 300ºC; flujo gas desolvatación, 6 L/min; presión gas 
nebulización, 30 psi. Se utilizó nitrógeno (99.5 % de pureza) como gas nebulizador. Se 




trabajó en modo de electrospray negativo. La adquisición y el procesamiento de los 




III.2.4. Aislamiento de bacterias fecales tolerantes a extractos fenólicos 
 
Se utilizaron 36 muestras de heces de pacientes gastrointestinalmente sanos (1 
muestra por paciente) suministradas por el Servicio de Microbiología del Hospital 
Ramón y Cajal de Madrid. Para cada muestra se procedió de la siguiente manera: se 
pesó 1 g de heces y se resuspendió en 10 mL de solución salina (NaCl 0,9%). Tras 
homogeneizar la muestra mediante agitación, se centrifugó (1000 rpm, 4ºC, 10 min) 
para sedimentar los restos de fibra. Del sobrenadante se recogieron (en tubos de 10 
mL) 3 alícuotas de 2,7 mL que se incubaron con 300 µL de Vitaflavan® (10 mg/mL), 
Provinols™ (10 mg/mL) o agua estéril (control) a 37ºC durante 3 horas y en 
condiciones aerobias (Figura 24). Tras la incubación, se hicieron diluciones seriadas 
en solución salina, sembrando 100 µL de cada una de las diluciones en 5 medios de 
cultivo diferentes: Agar Sangre de Carnero y Agar Triptona Soja (TSA) para el 
recuento de aerobios totales; Agar Mac Conkey para la detección de bacterias de la 
familia Enterobacteriaceae; Agar MRS para las bacterias lácticas, y por último, Agar 
Manitol y M-Enterococcus para la detección de cepas de Staphylococcus y 
Enterococcus, respectivamente. Todos los medios de cultivo estaban enriquecidos con 
extracto fenólico (Vitaflavan® o Provinols™, 1 mg/mL), a excepción de aquellos 
utilizados como controles. Las placas se incubaron a 37ºC  durante 48 h en condiciones 
aerobias (Figura 24). 
 
Tras la incubación en los diferentes medios de cultivo, se procedió al aislamiento 
de colonias. Para ello, utilizando un asa de siembra, se resembraron aquellas 
bacterias que morfológicamente eran diferentes. Los medios de cultivo utilizados 
fueron los descritos anteriormente, pero en esta ocasión no se añadió extracto fenólico. 
Las placas resembradas se incubaron a 37ºC durante 48 h en aerobiosis. Transcurrido 
este tiempo, y tras comprobar que los aislados eran cultivos puros, se hizo un pase de 
las bacterias a placas de TSA para su posterior identificación por MALDI-TOF-MS y/o 
PCR. De todas las bacterias aisladas se prepararon viales de leche semidesnatada 
para su crioconservación a -80ºC.  
























III.2.5. Identificación de bacterias fecales 
 
Una vez aisladas las bacterias, se procedió a su identificación mediante la 
técnica de espectrometría de masas MALDI-TOF, o en su defecto, mediante 
amplificación y posterior secuenciación del gen que codifica para el ARNr 16S, 
mediante reacción en cadena de la polimerasa (PCR). 
 
III.2.5.1. Espectrometría de masas (MALDI-TOF-MS) 
 
Para la preparación de la muestra, se depositó una pequeña cantidad de una 
colonia directamente sobre la placa “ground steel" del espectrómetro de masas 
(Bruker Daltonik GMBH, Germany), formándose una delgada película sobre la cual se 
aplicó 1 µL de la solución matriz (solución saturada de ácido alfa-ciano-4-
Figura 24. Esquema del procedimiento experimental utilizado para el aislamiento y caracterización de 
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hidroxicinámico en acetonitrilo al 50% y ácido trifluoroacético al 2.5%) y se dejó secar 
a temperatura ambiente.  
 
Las medidas se realizaron en un espectrómetro de masas MALDI-TOF-TOF 
Autoflex III (Bruker Daltonics GMBH, Leipzig, Alemania). El espectro se obtuvo de 
forma automática entre 2-20 kD, y se trabajó en modo lineal positivo a una frecuencia 
de 200 Hz. Los parámetros que se fijaron para el espectrofotómetro fueron IS a 20 kV, 
IS2 a 18.6 kV, lente a 6 kV y PIE a 40 ns. Los espectros se calibraron externamente 
mediante la utilización de una mezcla de calibrado estándar (extracto de E. coli DH%-
α más 2 proteínas adicionales: ARNasa A y mioglobina para cubrir un intervalo de 4-
17 kD).  
 
Para la identificación de los microorganismos, el espectro de los 
microorganismos problema se procesó con el programa MALDI Biotyper 1.1. La lista 
de picos generada se comparó con la biblioteca de referencia del MALDI Biotyper 2.0 
mediante la utilización de un algoritmo de comparación integrado en el software. Tras 
importar el espectro al programa, todo el proceso, desde su análisis hasta su 
identificación, se llevó a cabo de forma automática. 
 
Respecto a la valoración de los resultados, para cada microorganismo 
identificado se obtuvo una puntuación que procedía de comparar el perfil del 
microorganismo problema con la base de datos. Así, las identificaciones se clasificaron 
como buena (puntuación ≥ 2), probable (2 > puntuación ≥ 1.5) y no fiable (puntuación < 
1.5). Las identificaciones que entraron en esta última categoría se consideraron 
fallidas, por lo que en este caso se recurrió a la identificación mediante amplificación y 
secuenciación de un fragmento del gen  que codifica para el ARNr 16S. 
 
III.2.5.2. Identificación molecular 
 
Los microorganismos que no pudieron identificarse mediante espectrofotometría 
de masas, se analizaron por PCR y posterior secuenciación del ARNr 16S, a partir de 
las colonias aisladas previamente. Se utilizaron cebadores universales para bacterias, 
en concreto el 16-F: 5’-AGGATTAGATACCCTGGTAGTCCA-3’ y el 16-R: 5’-
AGGCCCGGGAACG TATTCAC-3’. El volumen final de la reacción de PCR fue 15 µL 
y contenía lo siguiente: 0,2 mM de DNTPs, 1 µΜ de cada cebador, 8,9 µL de agua 




estéril, 1,5 µl de tampón de reacción (Roche), 1 U de Fast-Star Taq polimerasa (Roche) 
y una colonia aislada. La PCR se llevó a cabo en un termociclador Applied Biosytem 
con un programa de amplificación consistente en una primera fase de 
desnaturalización de 7 minutos a 94ºC, seguido de una fase de elongación de 30 ciclos 
(30 s, 94ºC; 30 s, 52ºC; y 45 s, 72ºC) y por último, una fase final de 7 min a 15ºC. Para 
comprobar que la amplificación del fragmento era correcta, todos los productos de 
PCR se separaron electroforéticamente en geles de agarosa al 0,8% y se visualizaron 
mediante luz ultravioleta. Asimismo los productos de PCR  se purificaron usando Exo-
SAP-IT® (GE Healthcare). Finalmente, los productos purificados se secuenciaron en 
un secuenciador automático de capilares ABI3100 (Applied BiosSytem) del Servicio de 
Genética del Hospital Ramón y Cajal. Para cada muestra se obtuvo una secuencia 
consenso del fragmento de estudio, alineando las dos secuencias de cada una de las 
direcciones siguiendo el algoritmo Clustal W (Thompson y col., 1994). Las secuencias 
obtenidas fueron comparadas con secuencias depositadas en el banco de datos 
GenBank usando la aplicación BLAST.  
 
 
III.2.6. Evaluación de la susceptibilidad de las bacterias aisladas frente a los 
extractos fenólicos  
 
La susceptibilidad de las bacterias aisladas frente a los extractos fenólicos de 
estudio (Vitaflavan® y Provinols™) se evaluó mediante la determinación de la 
concentración mínima inhibitoria (CMI), empleando el método de dilución en agar de 
acuerdo a las recomendaciones de la CLSI (Clinical Laboratory Standard Institute). 
 
Para la determinación de la CMI, se prepararon placas de TSA que contenían 
diferentes concentraciones de los extractos fenólicos, en concreto, 0,5, 1, 2, 3, 4, 5, 6, 7, 
8, 9 y 10 mg/mL. Después, a partir de las colonias previamente aisladas, se preparó 
una suspensión (en solución salina) equivalente a 0,5 en la escala de McFarland que 
se plaqueó mediante el replicador de Steers en cada una de las placas. Las placas se 
incubaron en condiciones aerobias a 37ºC durante 24 h. Tras la incubación, se asignó 
el valor de CMI para cada extracto y cepa, siendo ésta la primera concentración de 
extracto en la que no se observa crecimiento bacteriano. 
 
 




III.2.7. Análisis estadístico 
 
A)  Para el tratamiento estadístico de los resultados de la actividad antimicrobiana de 
compuestos y extractos fenólicos frente a bacterias patógenas del tracto 
respiratorio, se utilizó Regresión no Lineal para ajustar los datos de los porcentajes 
de inhibición en función de la concentración a un modelo sigmoidal dosis-respuesta 
con pendiente variable, con cuatro parámetros, definidos por la ecuación: 
 







donde Y representa la variable respuesta (% de inhibición), que comienza en 
un valor mínimo A y aumenta, de manera sigmoidal, hasta llegar a un valor 
máximo B, X representa el logaritmo de la concentración del compuesto/extracto, 
LogIC50 es el logaritmo de IC50, y k es la pendiente. El valor de IC50 representa la 
concentración del compuesto/extracto necesaria para reducir a la mitad la 
población de bacterias, y puede obtenerse a partir del valor estimado de LogIC50. 
El programa PRISM para Windows, versión 4.1 (GraphPad Software, San Diego, 
USA, www.graphad.com) fue utilizado para la estimación de los parámetros del 
modelo. Para cada conjunto de datos el programa permite comparar el ajuste del 
anterior modelo con cuatro parámetros con el ajuste a un segundo modelo con sólo 
2 parámetros, una vez fijados los valores de A y B en 0 y 100%, respectivamente. 
 
B)  Para los resultados de inhibición del crecimiento de bacterias intestinales y 
patógenos por metabolitos derivados de polifenoles del vino, se utilizaron los 
siguientes tratamientos estadísticos: 
 
a) El Análisis de Conglomerados (CA) para determinar el agrupamiento de los 
compuestos fenólicos estudiados en función de su actividad antimicrobiana 
frente a los microorganismos estudiados. Como medida de semejanza entre las 
muestras se utilizó la distancia euclídea al cuadrado, y como método de unión de 
los conglomerados el método de Ward. Las variables fueron previamente 
estandarizadas. 
 




b) El Análisis de Componentes Principales (PCA) para examinar la relación entre 
las variables analizadas y detectar la relación entre las muestras (los 
compuestos fenólicos). 
 
c) El Análisis de la Varianza (ANOVA) y el test de Student-Newman-Keuls para 
comparar los valores medios de las variables en los grupos de los compuestos 
fenólicos obtenidos mediante CA. 
 
Los programas utilizados para el tratamiento estadístico de los datos fueron el 
STATISTICA para Windows, versión 7.1 (StatSoft, Inc., 2005, www.statsoft.com) y el 
SPSS para Windows, versión 15.0 (SPSS Inc., 2006, www.spss.com). 
 
C)  Con respecto a los ensayos de fermentación, para determinar por un lado si los 
extractos fenólicos producían diferencias significativas en la población de bacterias, 
y por otro para comprobar si existían diferencias en el catabolismo microbiano de 
los extractos entre los diferentes voluntarios, se utilizaron los siguientes 
tratamientos estadísticos:  
 
a) En el caso del Vitaflavan®, para evaluar su degradación a lo largo del tiempo en 
uno de los voluntarios, se utilizó el Análisis de Regresión Simple, para ajustar 
los datos de la concentración (Y) a un modelo lineal: logaritmo (Y) versus la raíz 
cuadrada del tiempo ( exp( * )Y a b t= + ), utilizando el programa 
STATGRAPHICS centurión XV para Windows, versión 15.2 (StatPoint Inc., 
2006, www.statgraphics.com). También, para explorar los cambios en las 
concentraciones de flavanoles y metabolitos fenólicos microbianos resultantes de 
la fermentación de heces humanas con el Vitaflavan®, se utilizó el PCA 
mediante el programa STATISTICA para Windows, versión 7.1 (StatSoft, Inc., 
2005, www.statsoft.com).  
 
b) Para los estudios con las fracciones  GSE-M y el GSE-O, se utilizó el ANOVA de 
medidas repetidas para comprobar conjuntamente los efectos de los dos factores: 
el tiempo como un factor intra-sujetos, con 5 niveles (5, 10, 24, 30 y 48 horas) y 
el factor tipo de extracto, como un factor categórico con dos niveles (GSE-M y 
GSE-O). Para ver si existían diferencias significativas entre las fermentaciones 
con ambas fracciones, en cada tiempo del ensayo, se utilizó la prueba t-Student. 




Las diferencias fueron consideradas estadísticamente significativas para valores 
de la probabilidad asociada <0,05. El programa STATISTICA para Windows, 
versión 7.1 (StatSoft, Inc., 2005,  www.statsoft.com) se utilizó para los cálculos 
estadísticos.  
 
c) En el caso del Provinols™, para evaluar su degradación a lo largo del tiempo de 
cada uno de los voluntarios, se utilizó el Análisis de Regresión Simple, que 
ajusta los datos de la concentración (Y) a un modelo lineal logaritmo (Y) versus 
la raíz cuadrada del tiempo ( exp( * )Y a b t= + ), utilizando el programa 
STATGRAPHICS centurión XV para Windows, versión 15.2 (StatPoint Inc., 
2006, www.statgraphics.com). También, para explorar los cambios en las 
concentraciones de metabolitos fenólicos microbianos resultantes de la 
fermentación de heces humanas con el Provinols™, se utilizó el PCA. Por último, 
para ver si existían diferencias significativas entre las fermentaciones con 
Provinols™ y aquellas que sólo contenían el medio de cultivo más las heces, esto 
es, el control negativo, en cada tiempo del ensayo, se utilizó la prueba t-Student. 
Las diferencias fueron consideradas estadísticamente significativas para valores 
de la probabilidad asociada <0,05). El programa STATISTICA para Windows, 




































En esta sección se exponen los resultados obtenidos durante la Tesis Doctoral en 
base a los objetivos propuestos. Estos resultados se han recogido en 8 publicaciones en 
revistas incluidas en el Science Citation Index (SCI) y en una patente de invención. 
 
IV.1. Estrategias naturales para la mejora de la calidad higiénico-sanitaria 
del vino 
 
En la actualidad, los consumidores están cada vez más concienciados de la 
importancia que tiene sobre la salud una alimentación segura y saludable. El vino, 
entendido como un alimento, (Ley 24/2003, de la Viña y del Vino, B.O.E. Nº 165, 11 de 
Julio de 2003), es un producto de origen fermentativo que no está exento de riesgos y 
contaminaciones de origen microbiano, como es la presencia de elevadas 
concentraciones de aminas biógenas. En general, la presencia de estos compuestos no 
supone un riesgo para la salud del consumidor, ya que el tracto digestivo del ser 
humano posee enzimas intestinales encargadas de su detoxificación (Ten Brink y col., 
1990). Sin embargo, la ingesta conjunta de alimentos con alto contenido en aminas 
biógenas y alcohol puede inhibir estas enzimas (Maynard y Schenker, 1996), lo cual 
deriva en un efecto perjudicial sobre la salud de los consumidores sensibles a las 
aminas biógenas. Es por ello que algunos países han impuesto límites máximos a la 
concentración de histamina que admiten los vinos, lo cual supone una amenaza para 
el sector enológico en las transacciones comerciales.  
 
Otro de los riesgos asociados al consumo de alimentos lo constituyen las 
denominadas intoxicaciones y/o enfermedades alimentarias causadas por 
microorganismos patógenos. Entre las medidas utilizadas por la industria alimentaria 
para evitar la contaminación de los alimentos por microorganismos, y por tanto 
mejorar su calidad higiénico-sanitaria, se encuentra el uso de aditivos químicos. Sin 
embargo, la preocupación de la sociedad actual por llevar un estilo de vida saludable, 
lleva implícito el empleo de compuestos naturales en detrimento de los aditivos 
químicos (Strobel, 2003).  
 






búsqueda de actividades enzimáticas como para la producción de compuestos 
antimicrobianos con potencial aplicación en la industria alimentaria. Dado que uno de 
los objetivos del trabajo era mejorar la calidad del vino, se seleccionaron las vides, es 
decir, un nicho ecológico natural e íntimamente relacionado con el vino, como fuente 
para el aislado de hongos. 
 
Los objetivos de los estudios que se presentan a continuación fueron los 
siguientes: 
 
1. Aislar e identificar molecularmente hongos del ecosistema de la vid de diversas 
regiones geográficas de España. Este objetivo es común para las Publicaciones 
IV.1.1. y IV.1.2. 
2. Evaluar la capacidad de hongos del ecosistema de la vid para degradar aminas 
biógenas tanto en un medio sintético como en vino (Publicación IV.1.1.).  
3. Evaluar la capacidad de hongos del ecosistema de la vid para producir compuestos 
antimicrobianos frente a microorganismos patógenos de alimentos (Publicación 
IV.1.2.).  
 
Los resultados obtenidos en estos dos trabajos constituyen el primer estudio 
acerca de las actividades biológicas de hongos de la vid con potencial aplicación para 
la industria alimentaria, y más concretamente para el sector enológico. Además, los 



















Publicación IV.1.1. Degradación de aminas biógenas por hongos del 
ecosistema de la vid. Potencial aplicación en el proceso de elaboración del 
vino. 
 
Carolina Cueva, Almudena García-Ruiz, Eva González-Rompinelli, Begoña 
Bartolomé, Pedro J. Martín Álvarez, Óscar Salazar, M. Francisca Vicente, Gerald F. 
Bills, M. V. Moreno-Arribas. Journal of Applied Microbiology, 2011 (enviado) 
 
Resumen: 
El objetivo del presente trabajo fue evaluar la capacidad de hongos del 
ecosistema de la vid para degradar histamina, tiramina y putrescina en medio 
sintético y en vinos. Se aislaron e identificaron por PCR hongos de la vid y del suelo 
del viñedo de cuatro lugares de España. Se evaluó la capacidad de 44 hongos para 
degradar aminas in vitro mediante el empleo de un sistema de microfermentación. La 
degradación de aminas se evaluó mediante RP-HPLC. Todos los hongos fueron 
capaces de degradar al menos dos aminas diferentes. Las especies que mostraron 
mayor capacidad de degradación de aminas fueron Penicillium citrinum, Alternaria 
spp., Phoma spp., Ulocladium chartarum y Epicoccum nigrum. En un segundo 
experimento, los sobrenadantes libres de células de Penicillium citrinum CIAL-
274,760 (CECT 20782), obtenidos tras crecer el hongo en el medio “Yeast Carbon 
Base” con histamina (extracto A), tiramina (extracto B) o putrescina (extracto C), 
fueron utilizados para evaluar su capacidad de degradar aminas en tres vinos 
diferentes (tinto, blanco y sintético). Los niveles más altos de degradación de aminas 
biógenas se obtuvieron con el extracto de A. En conclusión, este estudio pone de 
manifiesto la capacidad de los hongos del ecosistema de la vid para degradar aminas 
biógenas y así como su potencial aplicación para eliminar las aminas biógenas en 
vinos. La importancia de este estudio reside en que los extractos fúngicos podrían ser 
aplicados en el proceso de elaboración del vino, previniendo de este modo los efectos 
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Abstract  1 
Aims: To evaluate the ability of grapevine ecosystem fungi to degrade histamine, tyramine 2 
and putrescine in synthetic medium and in wines. 3 
Methods and Results: Grapevine and vineyard soil fungi were isolated from four 4 
locations of Spain and were subsequently identified by PCR. A total of 44 fungi were 5 
evaluated for in vitro amine degradation in a microfermentation system. Amine 6 
degradation by fungi was assayed by reversed-phase (RP)-HPLC. All fungi were able to 7 
degrade at least two different primary amines. Species of Pencillium citrinum, Alternaria 8 
sp., Phoma sp., Ulocladium chartarum and Epicoccum nigrum were found to exhibit the 9 
highest capacity for amine degradation. In a second experiment, cell free supernatants of 10 
Penicillium citrinum CIAL-274,760 (CECT 20782), grown in Yeast Carbon Base with 11 
histamine (extract A), tyramine (extract B) or putrescine (extract C), were tested for their 12 
ability to degrade amines in three different wines (red, white and synthetic). The highest 13 
levels of biogenic amine degradation were obtained with extract A. 14 
Conclusions: The study highlighted the ability of grapevine ecosystem fungi to degrade 15 
biogenic amines and their potential application for biogenic amines removal in wine. 16 
Significance and Impact of Study: The fungi extracts described in this study may be 17 
useful in winemaking to reduce the biogenic amines content of wines, thereby preventing 18 
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Biogenic amines are nitrogenous compounds of low molecular weight found in most 3 
fermented foods such as cheeses, dairy products, fish, meat, wine and beer (Ten Brink et 4 
al. 1990; Halàsz et al. 1994). These biologically produced amines are essential at low 5 
concentrations for normal metabolic and physiological functions in animals, plants, and 6 
microorganisms. However, biogenic amines can have adverse effects at high 7 
concentrations and pose a health risk for sensitive individuals (Moreno-Arribas et al. 8 
2009). A number of countries have implemented upper limits for histamine in food and 9 
wine. This development has already started to threaten commercial export transactions and 10 
may become more serious and may generate, in a nearby future, a competitive situation 11 
between wine industries. The total content of amines in wine varies from trace levels up to 12 
130 mg/L (Soufleros et al. 1998). The most prevalent biogenic amines in wine include 13 
histamine, tyramine and putrescine (Bauza et al. 1995; Silla Santos 1996; Marcobal et al. 14 
2006) which are mainly produced from microbial decarboxylation of the amino acids 15 
histidine, tyrosine and ornithine, respectively. Consumption of foods and beverages with 16 
high amounts of amines can have toxic effects (Ancín-Azpilicueta et al. 2008) that could 17 
be more severe in sensitive consumers having a reduced mono (MAO) and diamino (DAO) 18 
oxidase activity (Taylor 1986; Maintz and Novak 2007; Ancín-Azpilicueta et al. 2008). 19 
Moreover, ethanol, a major compound found in wine, inhibits MAO and DAO, increasing 20 
the toxic effect of the biogenic amines (Ten Brink et al. 1990).  21 
 22 
The high secretory capacity of filamentous fungi has been widely commercially 23 
exploited. Recent progress in elucidating primary metabolism pathways in fungi 24 
information has been applied to create biotechnologically improved strains (Conesa et al. 25 
2001). Enzymatic removal of amines may be a safe and economic way to eliminate these 26 
troublesome compounds from wines and other fermented foods. Several kinds of 27 
filamentous fungi are known to produce amine oxidase activity when using amines as a 28 
sole nitrogen source for growth (Yamada et al. 1965, 1966; Adachi et al. 1970; Yamada et 29 
al. 1972; Isobe et al. 1982). Two kinds of amine oxidases have been purified and 30 
characterized from fungi (Frébort et al. 1996, 1997a, 1997b). Additionally, the genome of 31 
Aspergillus niger contains six genes encoding for amine oxidases. One of those genes has 32 




Fungi associated with the grapevine ecosystems potentially could be well adapted to 1 
utilize biogenic amines in grapes and fermented grape must. To test this hypothesis, we 2 
isolated fungi from soils and living grapevines in four vineyards in central Spain. The 3 
fungi were grown in defined medium using a selection of free amines (i.e. histamine, 4 
tyramine and putrescine) as the sole nitrogen source using a microfermentation system 5 
(Duezt 2007). Amine degradation by fungi was assayed by reversed-phase (RP)-HPLC. 6 
Presently no information exists about the potential of grapevine fungi to degrade biogenic 7 
amines. The purposes of this paper were (i) to isolate and identify a set of fungi adapted to 8 
the grapevine environment, (ii) to screen these fungi for their ability to degrade histamine, 9 
tyramine and putrescine, and (iii) to determine  whether any of these fungi isolates (with 10 
high biogenic amines degradation ability) were able to decrease biogenic amines content in 11 
wines. 12 
 13 
Materials and methods  14 
 15 
Chemicals 16 
Histamine dihydrochloride and 1,4-diaminobutane dihydrochloride (putrescine) were 17 
obtained from Fluka (Steinheim, Germany). Tyramine hydrochloride was purchased from 18 
Sigma-Aldrich (St. Louis, USA). 19 
 20 
Fungal isolation 21 
Vineyard soil and plants were sampled at four locations of Spain during the Spring of 22 
2008. To isolate endophytic fungi, grapevine stems were cut from grapevine plants, place 23 
in clean paper envelopes, and transported to the laboratory at ambient temperature in the 24 
same day. Samples were stored at 4 °C up to 48 h before processing. Bark and leaf bud 25 
surfaces were disinfected by sequential 30 sec washes in 70% ethanol, 5% sodium 26 
hypochlorite, 70% ethanol and sterile water (bark samples), and 70% ethanol and sterile 27 
H2O (leaf bud samples). To obtain xylem samples, grapevine stems were split at the distal 28 
end to expose the fresh uncontaminated xylem, and small chips were removed aseptically 29 
from the centre of the stem’s interior with a sterile scalpel and forceps. After surface 30 
decontamination, individual bark fragments, xylem chips and leaf buds were aseptically 31 
transferred to each well of 48-well tissue culture plates containing YMC medium  [malt 32 
extract (Becton Dickinson), 10 g; yeast extract (Becton Dickinson), 2 g; agar (Conda), 20 33 
g; cyclosporin A, 4 mg; streptomycin sulfate, 50 mg; terramycin, 50 mg; distilled H2O 1 34 
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L]. Eighteen 48-well microplates were prepared per plant (six for bark fragments, six for 1 
xylem chips and six for leaf buds). Isolation plates were dried briefly in a laminar flow 2 
hood to remove excess liquid from agar surfaces, and incubated for two weeks at 22 ºC and 3 
70% relative humidity.  4 
 5 
Soil samples were sieved before fungi isolation. Soils aliquots were first washed and 6 
separated into particles and using a particle filtration method in order to reduce the number 7 
of colonies of heavily sporulating fungi (Bills et al. 2004). Washed soil particles were 8 
plated using a dilution-to-extinction strategy (Collado et al. 2007; Sánchez Márquez et al. 9 
2011). Approximately 0.5 cm2 of washed soil particles were resuspended in 30 mL of 10 
sterile H2O. Ten-microliter aliquots of particle suspensions were pipetted per well into 48-11 
well tissue culture plates containing YMC medium. Nine 48-well microplates were 12 
prepared per sample. Isolation plates were dried briefly in a laminar flow hood to remove 13 
excess liquid from agar surfaces, and incubated for two weeks at 22ºC and 70% relative 14 
humidity. 15 
  16 
Generation of fungi inoculums  17 
Emerging fungal colonies from isolation plates were transferred to Yeast Malt Agar 18 
[malt extract (Difco), 10 g; yeast extract (Difco), 2 g; bacteriologic agar (Conda), 20 g; 19 
distilled H2O 1 L] at 22ºC for 2 weeks to obtain pure cultures. Three to four mycelial discs 20 
were cut from each 60-mm plate with a sterile Transfer Tube (Spectrum Laboratories, 21 
Rancho Dominguez, CA, USA). Mycelia discs were extruded from the Transfer Tube and 22 
crushed in the bottom of tubes containing 8 mL of SMYA medium (neopeptone (Difco), 10 23 
g; maltose (Conda), 40 g; yeast extract (Difco), 10 g; bacteriologic agar (Conda), 4 g; 24 
distilled H2O 1 L) and two cover glasses (22 mm2). Tubes were agitated on an orbital 25 
shaker (200 rev min -1, 5 cm throw), and rotation of the cover glasses continually sheared 26 
hyphae and mycelial disc fragments to produce hyphal suspensions consisting of minute 27 
hyphal aggregates and fine mycelial pellets. Tubes were agitated 4 days at 22 ºC in Kühner 28 
environmental chambers (ISF-4-V) equipped with inclinable (approximately 75º) tubes 29 
rasks.  30 
 31 
Molecular identification 32 
 33 
DNA extraction 34 
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Approximately 1 mL of fungi inoculum from each tube was transferred into 96-well 1 
plates with a Transfer Tube (Spectrum Laboratories, Rancho Dominguez, CA, USA). Total 2 
genomic DNA from the different microorganisms was isolated using a Master Pure TM 3 
Gram Positive DNA Purification Kit (Epicentre Biotechnologies) following manufacturer’s 4 
instruction; slight modifications were made in order to improve fungi DNA extraction. The 5 
modifications carried out were as following: a) some centrifugation steps were made twice 6 
(the first step of Gram Positive DNA Purification Protocol and the seventh step in the 7 
DNA Precipitation), b) the volume of isopropanol added for DNA precipitation was 300 8 
µL, followed of drying step in a Genevac HT-24 vacuum centrifuge at 45ºC for 15 min, 9 
and c) DNA extracts were resuspended in 100 µL of Milli-Q water. 10 
 11 
PCR amplification  12 
DNA extracted was used for PCR amplification. DNAs were subjected to PCR 13 
reactions with primers ITS1 and ITS4 (White et al. 1990). Reactions were performed in a 14 
final volume of 50 µL containing 0.2 mM of the four dNTPs (Applied Biosystems), 0.05 15 
µM of each primer, 5 µL of the extracted DNA and 0.5 U Taq polymerase (Appligene, 16 
Illkirch, France) with its appropriate reaction buffer. Controls without fungi DNA were 17 
included for each PCR experiment. Amplifications were performed in a Thermocycler 18 
PCR PTC-200 (Bio-Rad), according to the following profile: 40 cycles of 1 min at 95ºC, 1 19 
min at 51ºC and 2 min at 72ºC. Amplifications products were visualized by electrophoresis 20 
in 1% agarose gels (Invitrogen E-GelR 48 1 % (GP) G8008-01) using an Invitrogen E-21 
Base. PCR products were purified using Ilustra GFX 96 PCR Purification Kit (Amersham 22 
Biosciences). 23 
 24 
DNA sequencing and phylogenetic sequence analysis  25 
PCR primers ITS1 and ITS 4 (White et al., 1990) were used for the amplification of 26 
the ITS1-5.8S-ITS2 region of the wild-type isolates. The PCR products were purified and 27 
used as a template in sequencing reactions with the primers ITS1 and ITS4. Amplified and 28 
cloned DNA fragments were sequenced by using an ABI Prism Dye terminator cycle 29 
sequencing kit (Amersham Biosciences). Sequences were assembled and aligned using 30 
Genstudio software (Genestudio Inc.,). The ITS1-5.8S-ITS2 sequences were aligned with 31 
CLUSTAL W (Thompson et al. 1994). The phylogenetic analysis was complemented with 32 
ITS1-5.8S-ITS2 sequences of fungal species available in GenBank and with similarity 33 
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searches using BLAST. The data were re-sampled with 1,000 bootstrap replicates 1 
(Felsenstein, 1985) by using the heuristic search option of PAUP (Swofford 1993). The 2 
percentage of bootstrap replicates that yielded each grouping was used as a measure of 3 
statistical confidence. A grouping found on 95% of the bootstrap replicates was considered 4 
statistically significant.  5 
 6 
Degradation of biogenic amines by fungi  7 
Forty-four fungi isolates from grapevine plants and soils were screened for their 8 
ability to degrade biogenic amines in assay broth consisting of Yeast Carbon Base (Sigma 9 
Aldrich) supplemented with histamine, tyramine or putrescine (0.05 g/L) as a single 10 
nitrogen source in order to induce amine oxidases activity. Assay broth was filter sterilized 11 
(Millipore ExpressTM Plus, 0.22 µm). Before inoculation, a Multidrop Combi (Thermo 12 
Fisher Scientific, Inc., Waltham, MA,USA) was used to fill sterilized deepwell 24-well 13 
plates with assay broth (4 mL/well). Using transfer tubes, approximately 0.5 cm of each 14 
fungi inoculum was transferred to its corresponding well. The fermentation plates were 15 
agitated 10 days at 22 ºC. Assays were made in duplicate. 16 
 17 
Cultured mycelium was separated from the culture broth by filtration (Syringe Filters 18 
with Luer tip; Agilent Technologies). As a negative control for degradation of biogenic 19 
amines, 1 mL of uninoculated sterile culture broth from a control well was also analyzed 20 
by reversed phase high performance chromatography (RP-HPLC). 21 
 22 
Based on primary screening results, five fungi from the grapevine environment were 23 
able to degrade biogenic amines, and two GRAS (Generally Regarded As Safe) fungi, 24 
Aspergillus oryzae CECT 2094 and Penicillium roqueforti CECT 2905, obtained from the 25 
Spanish Type Culture Collection (CECT) were selected for further experiments. Assays to 26 
measure degradation of biogenic amines were the same as mentioned previously. The 27 
culture pH was measured at initial and final incubation time. 28 
 29 
Degradation of biogenic amines by fungal enzymes in wine 30 
Three different wines (red, white and synthetic) were selected for the experiment. 31 
Red wine was selected due to its high natural biogenic amines content (not shown data). 32 
White wine was supplemented with histamine, tyramine and putrescine to have a final 33 
concentration of 0.05 g/L of each amine. Synthetic wine was prepared by mixing 12% 34 
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ethanol (v/v) (VWR, Leuven, Belgium) and 4 g/L tartaric acid (Panreac, Barcelona, Spain). 1 
After the pH was adjusted to 4 with NaOH (Panreac), biogenic amines were added at the 2 
same concentration than in white wine. 3 
 4 
Penicillium citrinum CIAL-274,760 (CECT 20782) was selected for further 5 
experiments because of its ability to degrade biogenic amines. To prepare crude extract, 6 
approximately 0.5 cm of inoculum was used to inoculate flaks containing 25 mL of assay 7 
broth, consisting of Yeast Carbon Base (Sigma) and 0.05 g/L histamine dihydrochloride 8 
(extract A), tyramine hydrochloride (extract B) or putrescine (extract C). One flask was 9 
prepared plus its corresponding control (amine plus YCB) per amine. The culture was 10 
incubated for 1 week on an orbital shaker incubator at 200 (rev min-1), 22ºC and 70% 11 
relative humidity (RH). Cultured mycelium was separated from the culture broth by 12 
filtration (Millipore ExpressTM Plus, 0.22 µm). Filtered supernatant was used as a crude 13 
extract. 14 
 15 
All activity measurements were performed at least-twice. To check if crude extract 16 
had amine oxidase activities, the following steps were carried out: 0.5 mL of crude extract 17 
was added to 1 mL of wine. After 18 h incubation at 35ºC, the reaction was stopped by the 18 
addition of 1.5 mL 1M HCl. Samples were filtered and analysed by RP-HPLC. Biogenic 19 
amine degradation by the crude extract was expressed as degradation percentage, by 20 
comparing the concentration of amines in the sample with respect to its control. Samples 21 
that were not used immediately were preserved at -20ºC. 22 
 23 
Biogenic amines analysis 24 
Biogenic amine degradation was analyzed by reversed-phase (RP)-HPLC according 25 
to the previously described method (Marcobal et al. 2005). Briefly, the liquid 26 
chromatography protocol employed a Waters 600 Controller programmable solvent 27 
module (Waters, Milford, MA, USA), a WISP 710B autosampler (Waters, Milford, MA, 28 
USA), and a HP 1046-A fluorescence detector (Hewlett Packard). Chromatographic data 29 
were collected and analyzed with a Millenium32 system (Waters, Milford, MA, USA). The 30 
separations were performed on a Waters Nova-Pak C18 (150 x 3.9 mm i.d., 60 Å, 4 µm) 31 
column with a matching guard cartridge. Samples were submitted to an automatic 32 
precolumn derivatization reaction with o-phthaldialdehyde (OPA), prior to injection. 33 
Derivatized amines were monitored by fluorescent detection (excitation wavelength of 340 34 
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nm, and emission wavelength of 425 nm). Samples were previously filtered through 1 
Millipore filters (0.45 µm) and directly injected in duplicate onto the HPLC system. All 2 
reagents used were HPLC grade. 3 
 4 
Results  5 
 6 
Survey of fungi in the grapevine ecosystem 7 
One of the aims of this study was to isolate a diverse set fungi representative of the 8 
vineyard ecosystem. A total of 224 strains were isolated from the grapevine plants and 66 9 
from the soil (Table 1). The number of isolates per samples, as well as the number of 10 
different genera from each was calculated in order to compare the richness and diversity of 11 
fungi from different sites. The best results regarding to number and variety of fungi were 12 
obtained from Escuela de la Vid grapevine plants (Table 1). 13 
 14 
Molecular identification of isolates 15 
Comparisons of nucleotide sequences of different isolates of fungus with sequences 16 
in GenBank were able to identify most of the fungi to at least the genus level, with some 17 
exceptions. Best GenBank Blast match identifications and GenBank accession numbers of 18 
fungi are provided in Table 3. The majority of the fungi isolated in this study were Phoma 19 
sp., Alternaria sp. and Fusarium sp. These genera accounted for 22.8% of all isolates. 20 
Unidentifiable fungi were designated as 'unidentified fungus'. 21 
 22 
Phylogenetic analysis 23 
To assess the phylogenetic affinities among fungi isolates, ITS sequences were 24 
compared against GenBank sequence database using BLAST analysis. A phylogenetic tree 25 
was generated by neighbour joining method, and sequence of reference strains were 26 
incorporated into the tree (Figure 1). Unidentified Ascomycete AF502791 and 27 
Microdochium bolleyi AJ279454 were the most disparate ITS sequences and were not 28 
clearly associated with any other grouping of strains. The remaining tree was divided in 29 
two main branches (Figure 1, branches a and b). The first branch, with a strong bootstrap 30 
(98%) includes reference sequences belonging to orders Xylariales and Sordariales (class 31 
Sordariomycetes) (Table 2). Three isolates in this branch could not be associated with any 32 
known sequences, suggesting the existence of a new lineage. The other main branch 33 
(Figure 1, b) including the majority of the isolates and was well-supported (81% 34 
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bootstrap). It was further divided into two sub-branches (Figure 1, branches c and d) with 1 
reasonable support. Branch c included isolates belonging to the orders Hypocreales, 2 
Microascales, Clalosphaeriales and Phyllachoreales (class Sordariomycetes) (Table 2). 3 
Branch d seemed to correspond with orders Capnodiales, Botryosphaeriales, Dothideales 4 
and Pleosporales (class Dothideomycetes), Eurotiales and Onygenales (class 5 
Eurotiomycetes), Xylariales (Sordariomycetes), and finally, Agaricales (class 6 
Agaromycetes) (Table 2). Some isolates in these branches could not be associated with any 7 
known sequences, especially regarding to branch d.  8 
 9 
Amine degradation by fungi of the grapevine ecosystem 10 
Forty-four strains isolated from vineyards environment were screened for the ability 11 
to degrade histamine, tyramine or putrescine (Table 3). Out of 44 strains screened, 31 12 
degraded all three amines, 16 strains degraded two amines and 3 strains degraded only one 13 
amine. In this survey, we arbitrarily set the value of 60% degradation as a level 14 
insignificant enough to consider that fungi were able to degrade biogenic amines. 15 
Alternaria sp. (CIAL-274,707), E. nigrum (CIAL-274,672), P. citrinum (CIAL-274,760, 16 
CECT 20782), Phoma sp. (CIAL-274,692) and U. chartarum (CIAL-274, 893) were 17 
selected for a second experiment because of their high potential to degrade histamine, 18 
tyramine and putrescine. Moreover, two GRAS microorganisms (A. oryzae CECT 2094 19 
and P. roqueforti CECT 2905) were included in our survey (Table 4). When the assay was 20 
repeated with a larger fermentation, all strains maintained their ability to degrade biogenic 21 
amines with the exception of E. nigrum, for which the histamine degradation percentage 22 
decreased from 99.69 % (Table 3) to 36.45% (Table 4), and U. chartarum, for which 23 
putrescine degradation was not detected (Table 4). When the two GRAS fungi were 24 
retested, the two strains were able to degrade tyramine and putrescine, however, histamine 25 
was only degraded by P. roqueforti (Table 4). The pH medium values remained stable for 26 
each strain. 27 
 28 
Determination of enzymatic degradation of biogenic amines content in wine 29 
P. citrinum (CIAL-274,760, CECT 20782) strain was selected to carry out the 30 
enzyme assay because of its high potential to degrade biogenic amines in both experiments 31 
(Tables 3 and 4). After growth in a mineral medium supplemented with histamine, 32 
tyramine or putrescine (0.05 g/L final concentration) as a sole source of nitrogen, the 33 
supernatant (crude extract) was collected by filtration. The biogenic amines content in 34 
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crude extracts and their corresponding controls were analysed by RP-HPLC. Biogenic 1 
amines (histamine, tyramine or putrescine) only were detected in A, B and C extracts 2 
controls. Subsequently, A, B and C extracts were used for wine enzyme assays (Figure 2). 3 
When added to wines, the three extracts decreased the biogenic amines content, however, 4 
the percentage of degradation varied depending on the type of wine and amine used as the 5 
culture’s nitrogen source. The highest decrease in biogenic amine content was obtained for 6 
white wine. Culture induction by growth on histamine (extract A) appeared to promote 7 




Biogenic amines are problematic in some wines because of their harmful effects on 12 
human health, and they also may alter a wine’s organoleptic characteristics, decreasing its 13 
quality. In most of the cases, it is the manufacturer’s and his winemaking team’s 14 
responsibility, to control the production of biogenic amines, exercising precise controls of 15 
the factors that would negatively influence their formation. Among these factors are the 16 
levels of precursor amino acids and microbial nutrients, wine pH, ethanol levels, sulphite 17 
and the phenolic composition of the wine, and especially the activity of decarboxylase 18 
positive endogenous lactic acid bacteria (Marcobal et al. 2006; Martín-Álvarez et al. 2006; 19 
Lucas et al. 2008; Marqués et al. 2008). However, reducing biogenic amines synthesis in 20 
wine is not always possible without affecting the organoleptic characteristics of the 21 
commercial product, neither with advanced winemaking technology.  22 
 23 
The research on amine degrading enzymes for food industrial applications might 24 
have useful applications for wines. Several papers have characterized the amine oxidases 25 
involved in amine degradation by filamentous fungi (Yamada et al. 1965, 1966; Adachi et 26 
al. 1970; Yamada et al. 1972; Isobe et al. 1982; Frébort et al. 1996, 1997b), however 27 
nothing is known about the distribution of these enzymes in fungal strains from vineyard 28 
ecosystems. In this survey, we have demonstrated for the first time the ability of vineyard 29 
ecosystem fungi to reduce the biogenic amines content in assay broth as well as in wines. 30 
In fungi, most of the amine oxidases have been studied in crude extracts when induced by 31 
various amines, mainly n-butylamine, methylamine, spermine and agmatine (Isobe et al. 32 
1982; Frébort et al. 1997a). Following same ideas, we selected 44 fungal strains 33 
representing the range of genera of the fungi from survey of grapevine ecosystems. The 34 
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fungal strains were tested for amine oxidase activities after being induced by the main 1 
biogenic amines found in wines (histamine, tyramine and putrescine). As clearly indicated 2 
observed from the results, the amino oxidase activities were significant for many fungi, 3 
independent of the amine in incorporated into the culture medium (Table 3). These results 4 
are consistent with earlier data reported where 88 fungi species from different origins and 5 
including the genera Aspergillus sp., Fusarium sp., Mucor sp., Neurospora sp., and 6 
Monascus sp., among others, were induced with n-butylamine, methylamine or spermine 7 
(Frébort et al. 1997a), suggesting that fungi vineyard species responded to and metabolized 8 
amines in a similar way. It is thought that amine oxidases allow the fungi to deaminate an 9 
amine as a source of ammonium for growth, although these enzymes play have not always 10 
been well-defined (Frébort et al. 2000). Interestingly, five strains (Alternaria sp., E. 11 
nigrum, P. citrinum, Phoma sp. and U. chartarum), showed the highest capacities to 12 
degrade histamine, tyramine and putrescine (Table 3). Further, we also confirmed in a 13 
second experiment that these fungi retained their amino oxidase activities (Table 4). 14 
Moreover, the two screening studies selected the strain P. citrinum CIAL 274,760 (CECT 15 
20782) as the most active. It is also important to emphasize that P. roqueforti CECT 2905 16 
strain was able to degrade the three studied amines. This finding might be relevant for 17 
amine degradation in foods since the GRAS status makes this fungus attractive for 18 
application in products fit for human consumption.  19 
 20 
To further verify the potential application of fungi amine oxidases for biogenic 21 
amines detoxification of wines, histamine, tyramine and putrescine induced extracts of the 22 
vineyard P. citrinum CIAL 274,760 (CECT 20782) strain were tested in commercial red 23 
and white wines and in a synthetic wine containing histamine, tyramine and putrescine. 24 
The corresponding amine-induced enzymatic extracts (extracts A, B and C, respectively) 25 
exhibited ability to decrease the wines’ biogenic amine content. This result suggest that the 26 
enzymes are active in culture media, indicating that amine oxidases from P. citrinum CIAL 27 
274,760 (CECT 20782) may be localized externally to the cell wall, which is agree with n-28 
butylamine-induced amine oxidases of Aspergillus niger AKU 3302 (Frébort et al. 2000). 29 
In A niger, that amine oxidase was proposed to serve primarily as a detoxifying agent, 30 
preventing amines from entering and damaging the fungal cell.  31 
 32 
The preparation and industrial applications of the amino oxidase of Aspergillus niger 33 
IMI17454 was described in 1985 (European Patent Application Nº EP0132674A2). 34 
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Although the authors proposed its use in foods, such as cheese, beer, must and yeast 1 
extracts, specific data were not presented demonstrating the usefulness in under real food 2 
production conditions. Based on our results, the amine oxidases from P. citrinum CIAL 3 
274,760 (CECT 20782) were active at pH between 4.0-5.0; pH values were very similar to 4 
those of wines, and clearly lower than the optimal pH reported for A. niger IMI17454 5 
amine oxidases (European Patent Application Nº EP0132674A2).  6 
 7 
Another important finding was the effectiveness of amine oxidase activities from P. 8 
citrinum CIAL 274,760 (CECT 20782) in decreasing the biogenic amine content of 9 
commercial wines. Red wines, in which the winemaking process normally involves 10 
malolactic fermentation, have been clearly shown to have a higher biogenic amine content 11 
(especially of histamine, tyramine and putrescine) than rosé and white wines, in which 12 
malolactic fermentation does not occur or occurs to a lesser degree. The formation of 13 
histamine (Herbert et al. 2005; Landete et al. 2005), tyramine (Vidal-Carou et al. 1990; 14 
Moreno-Arribas et al. 2000) or putrescine (Marcobal et al. 2006; Moreno-Arribas and Polo 15 
2008) is commonly associated with lactic acid bacteria and malolactic fermentation or 16 
wine storage. Among all biogenic amines, histamine is the most important because of 17 
many European countries have imposed legal limits for the histamine concentrations, 18 
therefore impacting the import and export of wines to EU countries. Therefore, from a 19 
commercial point of view, amine oxidase treatments able to decrease histamine and/or to 20 
reduce the amine content of red wines would be of great interest. According to our results, 21 
histamine was significantly degraded in red wine treated with extracts A, B and C (up to 22 
20, 40 and 38% histamine degradation, respectively), although we obtained even better 23 
results in the white and synthetic wines (Figure 2). The different phenolic compositions of 24 
white and red wines may be associated with these differences. Some phenolic compounds 25 
are known to bind proteins (Santos-Buelga and de Freitas, 2009), and the differences could 26 
be related to their free concentrations rather than to their total concentrations. Therefore, 27 
we speculate that anthocyanins present in red wines could affect amine oxidases, 28 
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Table 1. Distribution of fungi isolated from four Spanish vineyard ecosystems. 2 
 3 
4 
Location Number  Number of 
isolates 




Plants Soils Plants Soils Plants Soil Plants Soils Plants Soils 
Villamanrique 
del Tajo  
(Madrid) 
4 - 30 - 7,5 - 12 - 3 - 
Escuela de la 
Vid  
(Madrid) 
5 - 97 - 19,4 - 17 - 17 - 
Membrilla  
(Ciudad Real) 9 2 70 31 7,77 15,5 11 13 14 6 
Tortuero  
(Guadalajara) 6 1 27 35 4,5 35 4 12 11 13 
Total 24 3 224 66 - - 44 25 45 19 
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Table 2. Distribution of fungi isolated in this study according to their taxonomical group.  1 
Phylum Class Order Family Species 
Ascomycota Dothideomycetes Botryosphaeriales Botryosphaeriaceae Botryosphaeria, Dothiorella and Microdiplodia 
species 
    Capnodiales Davidiellaceae Cladosporium and Davidiella species 
      Not assigned family Rachicladosporium species 
    Dothideales Dothideaceae Coniozyma species 
      Dothioraceae Aureobasidium species 
    Pleosporales Didymellaceae Didymella species 
      Leptosphaeriaceae Epicoccum and Leptosphaeria species 
      Massarinaceae Saccharicola species 
      Montagnulaceae Paraconiothyrium species 
      Phaeosphaeriaceae Phaeosphaeria and Stagonospora species 
      Pleosporaceae 
Alternaria, Ulocladium, Embellisia, Pleospora, 
Lewia, Pyrenochaeta, Didymella and 
Dendryphion species 
      Sporormiaceae Sporormia species 
      Not assigned family Phoma, Camarosporium and Coniothyrum 
species 
  Eurotiomycetes Chaetothyriales Herpotrichiellaceae  Exophiala species 
    Eurotiales Trichocomaceae Aspergillus and Penicillium species 
    Onygenales Not assigned family Geomyces species 
  Sordariomycetes Calosphaeriales Calosphaeriaceae Phaeoacremonium and Togninia species 
    Hypocreales Clavicipitaceae  Paecilomyces and Metarrhizium species 
      Hypocreaceae Acremonium, Hypocrea and Trichoderma 
species 
      Hypocreomycetidae Myrothecium species 
      Nectriaceae Fusarium, Nectria and Gibberella species 
      Not assigned family Acremonium, Acrostalagmus and Stachybotrys 
species 
    Microascales Microascaceae Wardomycopsis and Scedosporium species 
      Not assigned family Microdochium species 
    Phyllachorales Not assigned family Verticillium species 
    Sordariales Chaetomiaceae Chaetomium and Thielavia species 




family Not assigned family Not assigned family 
Tetracladium, Scolecobasidium and 
Helminthosporium species 
Basidiomycota Coelomycetes     Coelomycete species 
  Agaricomycetes Agaricales Psathyrellaceae Coprinellus species 




Table 3. Screening of fungi isolated of grapevine environment able to degraded biogenic amines. 1 
















 CIAL-274,861 Acremonium sp. JN578630 42.05 96.90 98.94 
 CIAL-274,707 Alternaria sp. JN545791 99.66 100 100 
 CIAL-274,722 Alternaria sp. JN578617 99.83 100 100 
 CIAL-274,736 Alternaria sp. JN578622 99.88 100 100 
 CIAL-274,737 Alternaria sp. JN545793 99.89 100 100 
 CIAL-274,767 Alternaria sp. JN578628 100 100 100 
 CIAL-274,720 Ascochyta sp. JN578616 99.67 100 100 
 CIAL-274,787 Cladosporium sp. JN578629 80.60 100 99.61 
 CIAL-274,684 Coelomycete JN578614 99.42 100 100 
 CIAL-274,776 Coelomycete (n.s.)  75.94 100 100 
 CIAL-274,726 Dendryphion penicillatum JN578618 0 99.91 22.80 
 CIAL-274,659 Discostroma sp. JN578610 88.86 99.98 100 
 CIAL-274,735 Discostroma sp. JN578621 73.12 100 100 
 CIAL-274,673 Embellisia sp. JN578612 99.52 100 100 
 CIAL-274,906 Embellisia sp. JN578641 100 20.08 99.68 
 CIAL-274,672 Epicoccum nigrum JN578611 99.69 100 100 
 CIAL-274,667 Fusarium sp. JN545777 2.07 100 100 
 CIAL-274,763 Fusarium sp. JN578627 19.62 100 100 
 CIAL-274,683 Leptosphaeria sp. JN545781 35.50 100 100 
 CIAL-274,696 Leptosphaeria sp. JN545785 99.55 100 100 
 CIAL-274,897 Metarhizium anisopliae JN545817 0 100 100 
 CIAL-274,760 Penicillium citrinum JN578626 100 99.91 99.69 
 CIAL-274,895 Pestalotiopsis sp. JN578635 100 100 99.84 
 CIAL-274,692 Phoma sp. JN578615 99.64 99.91 99.95 
 CIAL-274,733 Phoma sp. JN578620 52.14 99.99 100 
 CIAL-274,741 Phoma sp. JN578623 99.46 100 99.50 
 CIAL-274,757 Phoma sp. JN578625 100 99.86 99.84 
 CIAL-274,885 Phoma sp. JN578632 93.79 100 99.82 
 CIAL-274,896 Phoma sp. JN578636 100 100 100 
 CIAL-274,903 Phoma sp. JN578639 68.06 100 100 
 CIAL-274,904 Scolecobasidium sp. JN578640 99.74 64.84 100 
 CIAL-274,893 Ulocladium chartarum JN578634 99.84 100 100 
 CIAL-274,899 Ulocladium chartarum JN545819 100 100 100 
 CIAL-274,670 Unidentified ascomycete JN545778 79.12 100 100 
 CIAL-274,674 Unidentified fungus JN578613 99.65 100 100 
 CIAL-274,731 Unidentified fungus JN578619 0 99.98 48.97 
 CIAL-274,755 Unidentified fungus JN545794 92.60 0 100 
 CIAL-274,888 Unidentified fungus JN578633 100 100 99.77 
 CIAL-274,901 Unidentified fungus JN578638 100 100 100 
 CIAL-274,687 Unidentified fungus (n.s)   5.61 100 88.96 
 CIAL-274,724 Unidentified fungus (n.s)   37.30 37.93 100 
 CIAL-274,743 Unidentified Pleosporales JN578624 99.72 100 99.55 
 CIAL-274,881 Unidentified Pleosporales JN578631 51.12 100 99.73 
 CIAL-274,900 Unidentified Pleosporales JN578637 100 100 100 
 Table 4. Degraded histamine, tyramine and putrescine values (expressed as percentage) in YCB broth with 0.05 g/L histamine, tyramine or putrescine, 
starting pH in 4.6, 4.5 and 4.5 respectively, after 10 days of incubation at 22ºC with fungi grapevine isolates.  
 











CIAL-274,707 Bark grapevine Alternaria sp. 100 4.5 100 4.5 100 4.5 
CIAL-274,672 Xylem grapevine Epicoccum nigrum 36.45 4.5 100 4.5 100 4.5 
CIAL-274,760 Bark grapevine Penicillium citrinum 100 4 100 4 100 4 
CIAL-274,692 Xylem grapevine Phoma sp. 100 4.5 100 4.5 100 4.5 
CIAL-274,893 Soil grapevine Ulocladium chartarum 100 5 100 5 ND 5 
 CECT 2094 Aspergillus oryzae 3.77 4 100 4 100 4 
 CECT 2905 Penicillium roqueforti 100 4.5 100 4.5 100 4.5 




Figure 1. Neighbour-joining analysis of vineyard ecosystem fungi isolates from four 
geographical localizations (Villamanrique del Tajo, Escuela de la Vid, Tortuero and 
Membrilla) of Spain. Selected reference strains were aligned with vineyard isolates. 
Statistical support (bootstrap) values were indicated at branches. Horizontal distances are 
proportional to the distances sequences. 
 
Figure 2. Histamine, tyramine and putrescine degradation measured by RP-HPLC in red 





















































































Gibberella zeae AB289553Fusarium tricinctum AY188923
Fusarium oxysporum EU520062
Fusarium equiseti AB425996
Fusarium oxysporum f. cubense EF590328













































Fungal sp. B5-I3 























































































































































































































Patente 1. Extractos enzimáticos de hongos que degradan aminas 
biógenas en vinos. 
 
M. V. Moreno-Arribas, Carolina Cueva, Begoña Bartolomé, Almudena García-Ruiz, 
Eva González-Rompinelli, Pedro J. Martín Álvarez, Óscar Salazar, M. Francisca 
Vicente, Gerald F. Bills. Extractos enzimáticos de hongos que degradan aminas 
biógenas. Oficina Española de Patentes y Marcas. ES 201131620. 
 
Resumen: 
Esta invención se refiere a extractos enzimáticos de origen fúngico que 
eliminan aminas biógenas (histamina, tiramina y putrescina) para su aplicación en 
la industria de la alimentación, en la agricultura, y en la biotecnología. En 
particular, los hongos utilizados proceden del ecosistema de la vid y son capaces de 
degradar aminas biógenas sin la necesidad de oxígeno molecular en el medio, lo que 
posibilita su aplicación tras el proceso de elaboración de productos fermentados 
que, de forma natural, presentan elevadas concentraciones de aminas biógenas. El 
procedimiento de obtención del extracto fúngico también se protege y consiste en: a) 
aislar el hongo, b) incubar el hongo en un medio de cultivo que contiene al menos 
una amina biógena como principal fuente de nitrógeno, a fin de inducir la actividad 
amino oxidasa, c) separar el micelio del hongo del medio de cultivo por filtración; el 
medio de cultivo filtrado es lo que denominamos extracto fúngico y es donde se 
encuentra la actividad amino oxidasa objeto de estudio. Por último, otro objeto de la 
presente invención es el uso de un extracto fúngico como agente detoxificante de 

















Publicación IV.1.2. Capacidad de los hongos del ecosistema de la vid para inhibir 
microorganismos patógenos causantes de enfermedades alimentarias.  
 
Carolina Cueva, M. V. Moreno-Arribas, Begoña Bartolomé, Óscar Salazar, M. 




En este trabajo se evaluó la actividad antimicrobiana de extractos de 
fermentación, procedentes de hongos aislados del ecosistema de la vid, frente a un 
panel de microorganismos que incluye cinco microorganismos patógenos de alimentos 
(Staphylococcus aureus EP167, Acinetobacter baumanii (aislado clínico), 
Pseudomonas aeruginosa PAO1, Escherichia coli O157:H7 (CECT 5947) y Candida 
albicans MY1055), y dos bacterias probióticas (Lactobacillus plantarum LCH17 y 
Lactobacillus brevis LCH23). Se evaluó la actividad antimicrobiana de los extractos de 
fermentación procedentes del cultivo de 182 hongos en ocho medios de cultivo 
diferentes. Un total de 71 hongos produjeron extractos que eran activos frente al 
menos un microorganismo patógeno, pero no frente a las bacterias probióticas. La 
bacteria Gram-positiva, Staphylococcus aureus EP167, fue la más susceptible a la 
actividad antimicrobiana de los extractos fúngicos en comparación con las bacterias 
Gram-negativas y el hongo patógeno. La identificación de los hongos activos mediante 
el análisis de la secuencia espaciadora intergénica del ARNr reveló que predominaban 
las especies de los órdenes Pleosporales, Hypocreales y Xylariales. Se observaron 
diferencias en la selectividad antimicrobiana ejercida por aislados de la misma 
especie.  
 
Algunos de los compuestos presentes en los extractos activos fueron 
identificados tentativamente por cromatografía líquida acoplada a espectrometría de 
masas. Los compuestos antimicrobianos producidos por los hongos del ecosistema de 
la vid podrían potencialmente limitar la colonización y el deterioro de los alimentos 



































IV.1. Modulación de la microbiota humana por polifenoles del vino 
 
Actualmente, el vino tinto es considerado una de los alimentos con mayor 
contenido en polifenoles bioactivos. La mayoría de estudios en este campo han 
revelado el papel clave de los compuestos fenólicos procedentes del consumo moderado 
de vino sobre la salud del hombre, siendo los relacionados con las enfermedades 
cardiovasculares los que más atención han recibido (Renaud y De Lorgeril, 1992; 
Davalos y Lasunción, 2009). Un aspecto menos estudiado respecto a la bioactividad de 
los polifenoles del vino es la interacción de estos compuestos con la microbiota 
humana (oral e intestinal), que engloba tanto el efecto de los compuestos fenólicos 
sobre las bacterias como el metabolismo microbiano de los compuestos fenólicos. 
 
A pesar de que el metabolismo de los polifenoles comienza en la boca y continúa 
a lo largo del tracto gastrointestinal, se estima que alrededor del 90-95% de los 
polifenoles de la dieta se acumulan en el colon (Clifford, 2004), donde son 
metabolizados por la microbiota intestinal, dando lugar a toda una serie de ácidos 
fenólicos que pueden tener mayor actividad a nivel fisiológico que los precursores 
(Monagas y col., 2010; Williamson y Clifford, 2010), y que también pueden ser 
absorbidos, aumentando de esta manera su biodisponibilidad (Aura, 2008; Selma y 
col., 2009). Además, diversos estudios sugieren que podrían producir cambios en la 
población microbiana del colon, afectando en conjunto a la diversidad y actividad 
metabólica de la microbiota intestinal (Ozkan y col., 2004; Lee y col., 2006; Alakomi y 
col., 2007). Dentro de los compuestos fenólicos mayoritarios del vino que alcanzan el 
colon se encuentran las proantocianidinas o taninos condensados; sin embargo, las 
evidencias de un posible efecto sobre la microbiota intestinal son escasas. 
 
Por tanto, son necesarios estudios que evalúen la capacidad de los polifenoles del 
vino para modular la microbiota humana y su posible repercusión en la salud del 
hombre. En base a esto, los objetivos de los estudios que se presentan a continuación 
fueron los siguientes: 
 
1. Evaluar el efecto de compuestos fenólicos del vino y de extractos fenólicos 
procedentes de vino y pepita de uva en el crecimiento de bacterias patógenas de la 





2. Evaluar el efecto de flavan-3-oles del vino y de ácidos fenólicos derivados de su 
metabolismo en el crecimiento de bacterias intestinales beneficiosas, inocuas y 
patógenas (Publicación IV.2.2.).  
3. Evaluar los cambios en los flavan-3-oles precursores y en los metabolitos 
microbianos derivados de su metabolismo, que tienen lugar tras la fermentación in 
vitro de un extracto de pepita de uva (GSE) con microbiota fecal humana 
(Publicación IV.2.3). 
4. Evaluar los cambios producidos en la población de bacterias intestinales y en el 
perfil de metabolitos fenólicos tras la fermentación in vitro de fracciones de pepita 
de uva ricas en flavan-3-oles con microbiota fecal humana. (Publicación IV.2.4). 
5. Evaluar los cambios producidos en la población de bacterias intestinales y en el 
perfil de metabolitos fenólicos tras la fermentación in vitro de un extracto de vino 
tinto con microbiota fecal humana. (Publicación IV.2.5). 
6. Aislar e identificar bacterias fecales tolerantes a extractos fenólicos procedentes de 
vino y pepita de uva. Evaluar la susceptibilidad de las bacterias aisladas frente a 
los extractos fenólicos. (Publicación IV.2.6). 
 
Los resultados de este conjunto de seis trabajos confirman el efecto modulador 





Publicación IV.2.1. Actividad antimicrobiana de compuestos fenólicos del 
vino y de extractos enológicos frente a potenciales patógenos respiratorios. 
 
Carolina Cueva, Sara Mingo, Irene Muñoz-González, Irene Bustos, Teresa Requena, 
Rosa del Campo, Pedro J. Martín-Álvarez, Begoña Bartolomé, M. Victoria Moreno-
Arribas. Letters in Applied Microbiology, 2011 (enviado). 
 
Resumen: 
El objetivo del presente trabajo fue investigar el efecto de siete compuestos 
fenólicos del vino y 6 extractos fenólicos de origen enológico sobre bacterias patógenas 
asociadas a enfermedades respiratorias (Pseudomonas aeruginosa, Staphylococcus 
aureus, Moraxella catarrhalis, Enterococcus faecalis, Streptococcus del Grupo F, 
Streptococcus agalactiae y Streptococcus pneumoniae). La actividad antimicrobiana se 
determinó mediante el método de microdilución y se cuantificó con el parámetro IC50. 
M. catarrhalis fue la especie más susceptible a los compuestos fenólicos, con valores 
de IC50 que van desde 7,14-310 µg/mL para los compuestos puros hasta 7,58-2,778 
µg/mL para los extractos fenólicos. El ácido gálico y el galato de etilo fueron los 
compuestos que mostraron mayor actividad antimicrobiana. En cuanto a los extractos 
fenólicos, los más activos fueron los procedentes de semillas de uva y vino. En 
conclusión, los resultados de este estudio ponen de manifiesto las propiedades 
antimicrobianas de compuestos fenólicos del vino y de extractos de origen enológico 
frente a patógenos respiratorios. La actividad antimicrobiana de los compuestos 
estuvo principalmente influenciada por la estructura química de los compuestos. Las 
bacterias Gram-negativas fueron más susceptibles que las bacterias Gram-positivas; 
el efecto de los compuestos y extractos fenólicos fue especie-dependiente. Además, se 
observó que, en general, los extractos eran más activos que los compuestos, lo que 
podría ser indicativo de un efecto sinérgico de los principales compuestos de los 
extractos. Los resultados de este estudio abren una nueva vía de investigación hacia 






Antibacterial activity of wine phenolic compounds and oenological extracts against 1 
potential respiratory pathogens 2 
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Aims: To investigate the effect of 7 wine phenolic compounds and 6 oenological phenolic 2 
extracts on the growth of pathogenic bacteria associated with respiratory diseases 3 
(Pseudomonas aeruginosa, Staphylococcus aureus, Moraxella catarrhalis, Enterococcus 4 
faecalis, Streptococcus sp Group F, Streptococcus agalactiae and Streptococcus 5 
pneumoniae).  6 
Methods and Results: Antimicrobial activity was determined using a microdilution 7 
method and quantified as IC50. M. catarrhalis was the most susceptible specie to phenolic 8 
compounds, with IC50 values ranging 7.14-310 µg/mL for pure compounds and 7.58-2778 9 
µg/mL for phenolic extracts. Gallic acid and ethyl gallate were the compounds that showed 10 
the greatest antimicrobial activity. Regarding phenolic extracts, those from grape seeds and 11 
wine displayed the strongest antimicrobial effects  12 
Conclusions: Results highlight the antimicrobial properties of wine phenolic compounds 13 
and oenological extracts against potential respiratory pathogens. The antimicrobial activity 14 
of wine phenolic compounds was mainly conditioned by the phenolic chemical structure. 15 
Gram negative bacteria were more susceptible than Gram positive bacteria to the action of 16 
phenolic compounds and extracts; however, the effect was species-dependent. Moreover, 17 
in general, the phenolic extracts were more active than phenolic compounds, which may 18 
indicate a synergistic effect of the main components present in the extracts.  19 
Significance and Impact of Study: The ability to inhibit the growth of respiratory 20 
pathogenic bacteria as shown by several wine phenolic compounds and oenological 21 
extracts warrants further investigations to explore the use of grape and wine preparations in 22 
oral hygiene. 23 
 24 
 25 
Keywords: wine; phenolic compounds; phenolic extracts; antimicrobial activity; 26 






The oral cavity harbors an abundant microbiota, usually dominated by anaerobic 3 
bacteria. The density of oral bacteria is about 1011 bacteria/g in the dental plaque and 108-4 
109 bacteria/mL in saliva (Guarner and Malagelada 2003). Concerning to the microbial 5 
diversity, the human oral cavity harbours over 700 distinct species (Aas et al. 2005), being 6 
the most frequent genera Gemella, Neisseria, Granulicatella, Porphyromonas, 7 
Streptococcus and Veillonella. Another important factor to account for is the 8 
interindividual particularities, as well as different intraindividual factors such as age and 9 
diet (Marsh 2009). 10 
 11 
In addition to the resident oral species, several studies have shown that the oral 12 
cavity may act as a reservoir of important respiratory pathogens such as Streptococcus 13 
pneumoniae, Staphylococcus aureus, Haemophilus influenzae and Pseudomonas 14 
aeruginosa, which could lead to infection of lower respiratory tract (Paju and Scannapieco 15 
2007; Zuanazzi et al. 2010) by means of aspiration of microorganisms (van Uffelen et al. 16 
1984), or even might cause bacteremia after dental treatments (Souto et al. 2006; Tada and 17 
Hanada 2010). Poor oral health, significant amounts of dental plaque and/or periodontal 18 
diseases could provide a favourable environment for development of pathogen 19 
microorganisms (Zuanazzi et al. 2010). For instance, patients with periodontitis showed 20 
greater prevalence of Corynebacterium diphtheriae, Escherichia coli, Enterococcus 21 
faecalis, P. aeruginosa and S. aureus (Souto et al. 2006). One aspect that should be 22 
pointed out is that eradication of these pathogens from the oral cavity may be more 23 
difficult due to their greater resistance to antimicrobials treatments (Scannapieco 1990). 24 
 25 
Grapes and wines are considered rich sources of polyphenolic compounds, including 26 
hydroxybenzoic (e.g. gallic acid) and hydroxycinnamic acids (e.g. caffeic acid) and their 27 
derivatives (e.g. ethyl gallate), phenolic alcohols (e.g. tyrosol and tryptophol), flavan-3-ol 28 
monomers (e.g. (+)-catechin and (-)-epicatechin) (Figure 1), oligomeric and polymeric 29 
procyanidins, flavonols, stilbenes and anthocyanins (only present in red varieties) 30 
(Monagas et al. 2003). Although there is substantial literature reporting antimicrobial 31 
properties of polyphenols against many bacteria species (Jayaprakasha et al. 2003; Ozkan 32 
et al. 2006; Cueva et al. 2010), the information about their effect on oral pathogens is 33 
scarce (Requena et al. 2010). Studies carried out with tea and cranberry polyphenols, have 34 
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shown an inhibitory effect on biofilm formation by oral pathogens such as Streptococcus 1 
mutans, Streptococcus oralis, Streptococcus sobrinus and Porphyromonas gingivalis 2 
(Bodet et al. 2008). Recently, it has been found that wine and grape phenolic extracts, as 3 
well as pomace phenolic extracts, were able to inhibit the growth of different 4 
Streptococcus spp. strains associated with dental caries (Thimothe et al. 2007; Furiga et al. 5 
2009). 6 
 7 
With the final aim of seeking natural products that could be used in oral hygiene, in 8 
this study we have investigated the antimicrobial properties of pure phenolic compounds 9 
and oenological phenolic extracts against potential respiratory pathogens from the oral 10 
cavity.  11 
 12 
 13 
Materials and Methods 14 
 15 
Phenolic compounds.  16 
 17 
(+)-Catechin, 3,4-dihydroxycinnamic acid (caffeic acid) and 3,4,5-trihidroxibenzoic 18 
acid (gallic acid) were obtained from Sigma (St. Louis, MO, USA); (-)-epicatechin from 19 
Fluka AG (Buchs, Switzerland); 4-hydroxyphenethyl alcohol (tyrosol) and 3-(2-20 
hydroxyethyl) indole (tryptophol) from Aldrich (Steinheim, Germany); and ethyl gallate 21 
from Extrasynthèse (Genay, France). Stock solutions (10 mg/mL) were prepared by 22 
dissolving phenolic compounds in 10% dimethyl sulfoxide (DMSO), except for caffeic 23 
acid which was dissolved in 30% DMSO to improve their solubility. 24 
 25 
Phenolic extracts.  26 
 27 
A total of six oenological phenolic extracts were tested. A grape seed extract 28 
(GSE), Vitaflavan® (20% flavan-3-ols monomers and 80% procyanidins), a GSE-derived 29 
monomeric-rich fraction (GSE-M, 50% flavan-3-ols monomers and 42 % procyanidins) 30 
and an oligomeric-rich fraction (GSE-O, 7 % flavan-3-ols monomers and 93 % 31 
procyanidins), both obtained from Vitaflavan®, were kindly provided by Dr. Piriou (Les 32 
Dérives Resiniques & Terpéniques, S.A., France). A wine extract, Provinols, was 33 
kindly supplied by Safic-Alcan Especialidades S.A.U. (Barcelona, Spain). A pomace 34 
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extract, Eminol®, was supplied by Central Lechera Asturiana (CAPSA, Spain). Also, a 1 
resveratrol-rich extract, Revidox®, obtained from grape seed skins and kindly provided 2 
by Dr. Espín (CEBAS-CSIC, Spain) was included in this study. Table 1 reports the 3 
source, total polyphenols and antioxidant activity of all extracts used in this study. 4 
 5 
Bacterial strains and culture conditions.  6 
 7 
A total of 7 bacterial isolates were included in this study. Staphylococcus aureus 8 
ATCC 25923 was obtained from the Spanish Type Culture Collection (CECT), Moraxella 9 
catarrhalis, Pseudomonas aeruginosa PAO1, Enterococcus faecalis V583, Streptococcus 10 
sp Group F, Streptococcus agalactiae and Streptococcus pneumoniae were clinical isolates 11 
obtained from human samples at the Ramón y Cajal Hospital (Madrid, Spain). All bacteria 12 
were kept frozen at -70 ºC in a sterilized mixture of culture medium and glycerol (50:50, 13 
v/v). Tryptic soy broth (TSB) was employed for S. aureus ATCC 25923, E. faecalis V583, 14 
M. catarrhalis and S. pneumoniae, Luria-Bertani (LB) broth for P. aeruginosa PAO1 and 15 
brain heart infusion (BHI) broth for Streptococcus sp. Group F and S. agalactiae. 16 
 17 
Antibacterial activity assay.  18 
 19 
The antibacterial assays were performed using the method of Cueva et al. (2010). 20 
First, 20 µL of the phenolic solutions (78.12-10000 µg/mL), solvent (10% or 30% DMSO) 21 
(growth control) or antibiotic solution (positive control) were added to wells of sterile 96-22 
well microplate. In a second step, 180 µL of broth medium were added to the blank wells. 23 
Finally, 180 µL of the diluted strain (inoculum of 1×106 cfu/mL) were added to the 24 
remaining microplate wells, including the controls. The final assay volume was 200 µL. 25 
After dispensing the inoculum, the plates were read in an automated microplate reader 26 
(Varioskan Flash, Thermo Electron Corporation, Vantaa, Finland) at 550 nm for T0 (Zero 27 
Time). Then the plates were incubated aerobically (S. aureus ATCC 25923, E. faecalis 28 
V583 and P. aeruginosa PAO1) or with 5% CO2 (M. catarrhalis, Streptococcus sp Group 29 
F, S. agalactiae and S. pneumoniae) at 37 ºC for 20-24 h. Before optical density (OD550) 30 
was read for TF (Final Time), the contents of wells were mixed by drawing up and down 31 
with a multipipette a number of times to re-suspend any possible sediment. Tests were 32 




The inhibition percentage was calculated as: 1 
Sample Sample Blank Blank
Growth Growth Blank Blank
(TF  - T0 ) - (TF  - T0 )
%Inhibition = 1 - 100(TF  - T0 ) - (TF  - T0 ) ×  2 
 3 
where T0Sample and TFSample corresponded to the OD550 of the strain growth in the 4 
presence of the phenolic solution before and after incubation, respectively; T0Blank and 5 
TFBlank corresponded to the broth medium with phenolic solution before and after 6 
incubation, respectively; and T0Growth and TFGrowth to the strain grown in the absence of the 7 
phenolic solution before and after incubation, respectively. Inhibition values below 10% 8 
were considered negligible. For the active phenolic compounds and oenological extracts, 9 
the survival parameter IC50 value was defined as the concentration required to obtain 50% 10 
inhibition of growth after the time of incubation, and was estimated by nonlinear 11 
regression using the following sigmoidal dose-response (with variable slope) equation:  12 
 13 
(Top-Bottom)Y=Bottom + (1+10^((LogIC50-X)*Slope))  14 
 15 
where X represents the logarithm of concentration, Y is the response variable 16 
(%Inhibition) which starts at Bottom and goes to Top with a sigmoid shape, LogIC50 is the 17 
logarithmic of IC50, and Slope represents the slope parameter. PRISM program for 18 
Windows release 4.03 (GraphPad Software, Inc., 2005, www.graphpad.com) was used for 19 
the estimation of the four parameters. For each data set, the PRISM program also allows 20 
comparison of the fit to the previous sigmoidal dose-response model (with 4 parameters) 21 
and the fit to the same model with the Bottom and Top parameters constrained to 0 and 22 
100%, respectively. 23 
 24 
 25 
Results  26 
 27 
Antibacterial activity of phenolic compounds 28 
 29 
The phenolic compounds selected for this study represent different chemical 30 
structures present in wine and in oenological products: flavan-3-ols [(+)-catechin and (-)-31 
epicatechin)], hydroxybenzoic acids and their derivatives (gallic acid and ethyl gallate), 32 
145 
 
hydroxicynnamic acids (caffeic acid), and phenolic alcohols (tyrosol and tryptophol) 1 
(Figure 1). Table 2 reports the IC50 values of all these compounds against the seven 2 
bacteria used in this study.  3 
 4 
Susceptibility to the phenolic compounds was found to differ considerably among the 5 
microorganisms tested. M. catarrhalis was the most susceptible strain to all phenolic 6 
compounds (IC50≤ 310 µg/mL) and, in general, Gram negative bacteria were more 7 
susceptible to these compounds than Gram positive bacteria (Table 2).  8 
 9 
Among the different compounds tested, gallic acid showed the most extensive effect, 10 
inhibiting the growth of six out of the seven bacteria tested. Both gallic acid and ethyl 11 
gallate were the compounds that showed the lowest IC50 values (IC50 = 7.14 - 864 µg/mL, 12 
and 1.15 -484 µg/mL, respectively) for all bacteria, with the exception of Streptococcus sp 13 
Group F. Caffeic acid exhibited inhibitory effect against Gram negative bacteria, M. 14 
catarrhalis (IC50= 310 µg/mL) and P. aeruginosa PAO1 (IC50= 650 µg/mL) and Gram 15 
positive bacteria, E. faecalis V583 (IC50= 975 µg/ml) and S. aureus ATCC 25923 (IC50= 16 
319 µg/mL) (Table 2).  17 
 18 
Phenolic alcohols, tyrosol and tryptophol, only showed inhibitory effect against 19 
Gram negative bacteria, M. catarrhalis (IC50= 15.9 and 137 µg/mL, respectively) and P. 20 
aeruginosa PAO1 (IC50 = 1008 and 639 µg/mL, respectively). Among flavan-3-ols, (+)-21 
catechin only showed inhibitory effect in the growth of M. catarrhalis (IC50= 129 µg/mL) 22 
and Streptococcus sp Group F (IC50= 674 µg/mL), whereas (-)-epicatechin was active 23 
against these two latter strains (IC50= 139 and 338 µg/mL, respectively) and against the 24 
other two steptococci, although at lower extent (IC50 = 856 and 2673 µg/mL for S. 25 
pneumoniae and S. agalactiae, respectively) (Table 2).  26 
 27 
Antibacterial activity of phenolic extracts 28 
 29 
The antimicrobial activity of the six oenological phenolic extracts was also evaluated 30 
against the seven respiratory pathogens (Table 3). Gram negative bacteria (M. catarrhalis 31 
and P. aeruginosa PAO1), and S. pneumoniae were susceptible to all phenolic extracts in 32 
different extents, whereas S. agalactiae was resistance to all of them. Within susceptible 33 
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strains, M. catarrhalis showed the lowest IC50 values for all extracts, with the exception of 1 
Eminol®, that was most effective against P. aeruginosa PAO1 (Table 3). 2 
 3 
Extracts from grape seeds were the most active inhibitors (lowest IC50) against all the 4 
susceptible strains: Vitaflavan® was the most active for E. faecalis V583 (IC50= 184 5 
µg/mL), S. aureus ATCC 25923 (IC50= 87.5 µg/mL) and S. pneumoniae (IC50= 195 6 
µg/mL); GSE-O was for M. catarrhalis (IC50= 7.58 µg/mL) and P. aeruginosa PAO1 7 
(IC50= 253 µg/mL); and GSE-M was for Streptococcus sp. Group F (IC50= 1005 µg/mL). 8 
On the other hand, the wine extract Provinols™ together with the two fractions from 9 
Vitaflavan® (GSE-M and GSE-O) were found to show the most extensive antimicrobial 10 
effect, being active against all the strains tested, except S. agalactiae.  11 
 12 
For Provinols™, strain susceptibility was in the order: M. catarrhalis (IC50= 30.5 13 
µg/mL) > S. aureus ATCC 25923 (IC50= 297 µg/mL) > E. faecalis V583 (IC50= 470 14 
µg/mL) > S. pneumoniae (IC50= 498 µg/mL) > P. aeruginosa PAO1 (IC50= 584 µg/mL) > 15 
Streptococcus sp Group F (IC50= 1081 µg/mL). The same order of strain susceptibility was 16 
found for the Vitaflavan® fractions, with the two exceptions of S. pneumoniae that was the 17 
third most susceptible for GSE-M (IC50= 8.23, 552 and 661 µg/mL for M. catarrhalis, S. 18 
aureus ATCC 25923 and S. pneumoniae, respectively) and P. aeruginosa PAO1 that was 19 
found the third most susceptible for GSE-O (IC50= 7.58, 120 and 253 µg/mL for M. 20 
catarrhalis, S. aureus ATCC 25923 and P. aeruginosa PAO1, respectively) (Table 3). 21 
 22 
Eminol®, a red grape pomace extract, only showed inhibitory effect against M. 23 
catarrhalis (IC50= 2778 µg/mL), P. aeruginosa PAO1 (IC50= 947 µg/mL) and S. 24 
pneumoniae (IC50= 2027 µg/mL) at higher concentrations. Finally, Revidox®, a 25 
resveratrol-rich extract, showed inhibitory effect against M. catarrhalis (IC50= 24 µg/mL) 26 
> S. aureus ATCC 25923 (IC50= 212 µg/mL) > S. pneumoniae (IC50= 295 µg/mL) > P. 27 




Previous studies have demonstrated that oral cavity is a potential reservoir for 32 
bacterial respiratory pathogens, particularly in people with poor oral health (Zuanazzi et al. 33 
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2010). This paper reports valuable information about the antimicrobial properties of wine 1 
phenolic compounds and oenological extracts against potential respiratory pathogens. 2 
Antimicrobial effects have been measured in terms of IC50, a parameter that allows 3 
comparison among different studies as well as a more accurate assessment of the effects of 4 
these compounds (García-Ruíz et al. 2011). Experiments with pure phenolic compounds 5 
would allow us to determine the influence of the phenolic chemical structure on their 6 
antimicrobial properties, whereas experiments with oenological extracts would assess the 7 
feasibility of their use in oral hygiene for the prevention and/or modulation of respiratory 8 
diseases (Li et al. 2000). 9 
 10 
In relation to the influence of phenolic chemical structure on the inhibition of the 11 
growth of potential respiratory pathogens, our results have shown that non-flavonoid 12 
compounds such as gallic acid, ethyl gallate and caffeic acid, tyrosol, tryptophol, were 13 
more active than flavonoids such as (+)-catechin and (-)-epicatechin. These results are in 14 
accordance with Cueva et al. (2010), who reported greater inhibitory effect of phenolic 15 
acids in the growth of intestinal bacteria and pathogens in comparison to (+)-catechin and 16 
(-)-epicatechin. Gallic acid (hydroxybenzoic acid) and ethyl gallate (hydroxybenzoic ester) 17 
were found to have the widest spectrum of antimicrobial activity, being effective against 18 
all tested bacteria, with the exception of the clinical strain Streptococcus sp Group F. The 19 
highest antimicrobial activity of gallic acid and ethyl gallate could be associated with the 20 
presence of the 3,4,5-trihydroxyphenyl group (the pyrogallol group), as suggested by 21 
Taguri et al. (2006). Besides, ethylation of gallic acid influences its antimicrobial 22 
properties depending on the strain studied, as was clearly seen for M. catarrhalis and S. 23 
pneumoniae (increase) and for E. faecalis V583, S. aureus ATCC 25923, S. agalactiae, S. 24 
pneumoniae and P. aeruginosa PAO1 (decrease). Similarly, García-Ruiz et al. (2011) 25 
reported that ethylation reduced the inhibitory potential of gallic acid against two lactic 26 
acid bacteria, L. hilgardii and P. pentosaceus. Moreover, Caturla et al. (2003) found that 27 
galloylated flavan-3-ols compounds showed higher antimicrobial activity than their 28 
homologues lacking galloyl groups. Among the scarce bibliography related to this topic, 29 
Rodríguez-Vaquero et al. (2007) also found that gallic acid and caffeic acid 30 
(hydroxycinnamic acid) inhibited the growth of P. aeruginosa and S. aureus, which is in 31 




The wine phenolic compounds with lower antimicrobial effect against the potential 1 
respiratory pathogens under study were phenolic alcohols (tyrosol and tryptophol). It has 2 
been reported that P. aeruginosa was able to metabolize tyrosol giving hydroxytyrosol 3 
(Bouallagui and Sayadi 2006), which might explain, at least partially, the high IC50 value 4 
obtained for this compound (Table 2). In relation to (+)-catechin and (-)-epicatechin, it has 5 
been reported that flavan-3-ols significantly inhibited the growth of S. mutans and S. 6 
sobrinus (oral streptococci); however, they did not inhibit the growth of pathogenic 7 
bacteria such as S. aureus and P. aeruginosa strains (Rauha et al. 2000; Shan et al. 2007; 8 
Cueva et al. 2010), which agreed with our results. In contrast, others authors reported that 9 
certain strains of S. aureus and P. aeruginosa were inhibited by (+)-catechin and (-)-10 
epicatechin (Lee et al. 2006; Taguri et al. 2006; Rodríguez-Vaquero et al. 2007). 11 
 12 
It is remarkable that the susceptibility of bacteria tested to wine phenolic compounds 13 
may be physiologically relevant in the oral cavity, because the IC50 values of the 14 
compounds tested are lower than the estimation of concentration present in red wine 15 
(García-Ruiz et al. 2008).  16 
 17 
The antimicrobial activities of wine and grape extracts in the prevention of 18 
periodontal oral diseases have been reported recently (Houde et al. 2006; Smullen et al. 19 
2007; Furiga et al. 2009), however, there is not enough information about their ability to 20 
exert antimicrobial effects on potential respiratory pathogens. Testing different potential 21 
respiratory pathogens, our results have shown that extracts from grape seed, especially 22 
Vitaflavan® and GSE-O, exerted higher antimicrobial activity than the rest of extracts 23 
obtained from red wine, grape pomace and grape skins. These results are in accordance 24 
with Xia et al. (2010) who reported that seed extracts were more effective antimicrobials 25 
than other parts of the grapes. Moreover, grape seed extracts inhibited the growth of all 26 
bacteria tested with the exception of S. agalactiae. It has been reported that grape seed 27 
extracts showed antimicrobial activity against S. aureus, E. faecalis and P. aeruginosa 28 
strains, which is in agreement with our results (Baydar et al. 2004; Al-Habid et al. 2010), 29 
which may be associated with their phenolic content, as recently has been suggested by 30 
Bubonja-Sonje et al. (2011) for olive oil, cocoa and rosemary extract polyphenols. 31 
Additionally the composition and structure of phenolic compounds from extracts may 32 
influence their antimicrobial properties. In particular, the degree of polymerization of the 33 
compounds might be pivotal for antimicrobial activity (Taguri et al. 2006; Xia et al. 2010).  34 
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Concerning Provinols™ and Revidox®, they exhibited antimicrobial activity against 1 
all bacteria tested with the exception of S. agalactiae and Streptococcus sp. Group F for 2 
Provinols™ and S. agalactiae in the case of Revidox®. It has been previously reported that 3 
a red wine extract inhibited the growth of two oral streptococci, S. mutans and S. sobrinus 4 
(Furiga et al. 2009), however, their IC50 values were higher than those obtained in our 5 
study, which could be due to differences in the strains as well as in the phenolic 6 
composition of the extracts. The resveratrol content of Revidox® might explain, at least 7 
partially, the antimicrobial activity exerted by this extract. In this sense, Chan (2002) found 8 
that resveratrol inhibited the growth of S. aureus, E. faecalis and P. aeruginosa, which is in 9 
accordance with our results. In spite of the fact that resveratrol is probably the phenolic 10 
compound that has received more attention in the literature regarding its antioxidant 11 
properties and potential preventive effects in some types of cancer, scientific background 12 
related to the effect of resveratrol (and/or its related metabolites) on oral microbiota is very 13 
scarce (Requena et al. 2010). Resveratrol has demonstrated to display potent antimicrobial 14 
activity against the human pathogenic fungi Candida albicans at concentrations of 10–20 15 
µg/mL (Jung et al. 2005), suggesting to be more potent as fungicidal than bactericidal. 16 
 17 
Finally, Eminol® only showed inhibitory effects against M. catarrhalis, P. 18 
aeruginosa PAO1 and S. pneumoniae at high concentrations. This weak inhibitory effect 19 
may be related with its low phenolic content (Baydar et al. 2004).  20 
 21 
In general, phenolic extracts exhibited higher antimicrobial activity than pure 22 
phenolic compounds, being influenced by their individual phenolic composition. For 23 
instance, the extracts with higher content in gallic acid and flavan-3-ols monomers, such as 24 
Vitaflavan® and GSE-M (Tabasco et al. 2011), were those that showed greater 25 
antimicrobial activity. These results are in line with those of Shoko et al. (1999) who 26 
reported that in grapes, gallic acid was the most active compound for inhibition of bacteria. 27 
In the same way, Streptococcus sp. Group F was only inhibited by GSE-M which has the 28 
higher content in monomeric flavan-3-ols, (+)-catechin and (-)-epicatechin. Therefore, 29 
these results suggested that the antimicrobial activity of the extracts is related with the 30 
antimicrobial effects of their phenolic compounds. In addition, a synergistic effect of the 31 




Results from both, phenolic compounds and oenological extracts, indicate that Gram 1 
negative bacteria were more susceptible to this kind of compounds than Gram positive 2 
bacteria. This variation may reflect differences in cell surface structures between Gram 3 
negative and Gram positive bacteria (Helander et al. 1998; Shan et al. 2007). This is a 4 
promising finding since many antibiotics are less active against Gram negative than Gram 5 
positive bacteria, probably due to a more complex cell wall structure of Gram negative 6 
bacteria and the presence of additional lipopolysaccharides on their outer surface. 7 
Recently, Saavedra et al. (2010) have reported a synergistic effect between the antibiotic 8 
streptomycin and some phenolic compounds, such as gallic acid, against Gram negative 9 
bacteria. From a clinical point of view, this finding could be interesting in order to 10 
decrease the antibiotic concentration necessary to treat oral bacterial infections. 11 
 12 
On the other hand, M. catarrhalis, which is known to be a major respiratory pathogen 13 
in pediatric and adult patient populations (Sarubbi et al. 1990), was also found to be the 14 
most susceptible strain to all phenolic standards and phenolic extracts tested. Similar 15 
results were obtained by Ayaz et al. (2008) who found that M. catarrhalis was the most 16 
susceptible Gram negative strain against phenolic fractions (free, ester, glycoside, and ester 17 
bound) of kale leaves and seeds.  18 
 19 
Although the antimicrobial activity of wine polyphenols has been previously 20 
documented, the mechanisms of action are not fully understood. Some authors have 21 
proposed that polyphenols produced damages in the membrane of bacterial cells leading to 22 
death cell (Shan et al. 2007; García-Ruiz et al. 2009). This is indeed a matter of further 23 
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Table 1. Characteristic of the phenolic extracts used in this study. 1 
aGSE: grape seed extract 2 
bGSE-M: monomeric-rich fraction  from Vitaflavan® 3 









Phenolic  extracts Origin 
Total polyphenols 
(mg gallic acid 
equivalent /g) 
Antioxidant activity 
(ORAC, mmol Trolox/g) 
Vitaflavan® (GSE a) Grape seeds 629 21.4 
GSE-Mb Grape seeds 750 40.6 
GSE-Oc Grape seeds 699 24.8 
Eminol® Red grape pomace 33.8 1.43 
Provinols Red wine 474 14.5 
Revidox® Red grape skins 514 17 
 Table 2. IC50 (µg/mL) values of the phenolic compounds studied against pathogenic bacteria. 1 
n.e.: no effect 2 
3 
  Gram negative bacteria  Gram positive bacteria 
Compounds Structure M. catarrhalis P. aeruginosa PAO1  E. faecalis V583 S. aureus ATCC 25923 Streptococcus sp Group F. S. agalactiae S. pneumoniae 
(+) - Catechin 
 
129 n.e.  n.e. n.e. 674 n.e. n.e. 
(-) - Epicatechin 
 







































   






















n.e. n.e. n.e. 
 Tabla 3. IC50 (µg/mL) values of the oenological phenolic extracts studied against pathogenic bacteria. 1 
 Gram negative bacteria  Gram positive bacteria 
Extracts M. catarrhalis P. aeruginosa PAO1  E. faecalis V583 S. aureus ATCC 25923 Streptococcus sp Group F. S. agalactiae S. pneumoniae 
Vitaflavan® 


















552 1005 n.e. 661 
GSE-O 
 































n.e n.e. 295 
n.e.: no effect 2 
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FIGURE LEGENDS 1 
Figure 1. Some phenolic compounds representative of the main groups present in wine. 2 
  





































Publicación IV.2.2. Actividad antimicrobiana de ácidos fenólicos frente a 
bacterias comensales, probióticas y patógenas.  
 
Carolina Cueva, M. Victoria Moreno-Arribas, Pedro J. Martín-Álvarez, Gerald F. 
Bills, M. Francisca Vicente, Ángela Basilio, Concepción López Rivas, Teresa Requena, 
Juan M. Rodríguez, Begoña Bartolomé. Research in Microbiology, 2010,372-382. 
 
Resumen: 
Los ácidos fenólicos (ácidos benzoico, fenilacético y fenilpropiónico) son las 
estructuras fenólicas más abundantes en el agua fecal. Como aproximación de su 
acción en el intestino, este artículo describe la actividad antimicrobiana de trece 
ácidos fenólicos hacia Escherichia coli, Lactobacillus spp., Staphylococcus aureus, 
Pseudomonas aeruginosa y Candida albicans. El crecimiento de E. coli ATCC 25922 
sólo se inhibió por cuatro ácidos fenólicos a la concentración de 1.000 µg/mL, mientras 
que E. coli O157: H7 (CECT 5947) patógena fue susceptible a diez de ellos. La cepa E. 
coli lpxC/tolC, genéticamente manipulada, fue muy susceptible a los ácidos fenólicos. 
El crecimiento de los lactobacilos (L. paraplantarum LCH7, L. plantarum LCH17, L. 
fermentum LPH1, L. fermentum CECT 5716, L. brevis LCH23 y L. coryniformis CECT 
5711) y los patógenos (S. aureus EP167 y C. albicans MY1055) también fue inhibido 
por los ácidos fenólicos, pero en distinto grado. Sólo P. aeruginosa PAO1 no fue 
susceptible a ninguno de los compuestos fenólicos evaluados. Un análisis 
multivariante de las actividades antimicrobianas permitió establecer relaciones 
estructura-actividad de los ácidos fenólicos y de algunos de sus precursores de la dieta 
[(+)- catequina y (-)-epicatequina]. Las propiedades antimicrobianas de los ácidos 
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Available online 6 May 2010AbstractPhenolic acids (benzoic, phenylacetic and phenylpropionic acids) are the most abundant phenolic structures found in fecal water. As an
approach towards the exploration of their action in the gut, this paper reports the antimicrobial activity of thirteen phenolic acids towards
Escherichia coli, Lactobacillus spp., Staphylococcus aureus, Pseudomonas aeruginosa and Candida albicans. The growth of E. coli ATCC
25922 was inhibited by only four of the phenolic acids tested at a concentration of 1000 mg/mL, whereas pathogenic E. coli O157:H7 (CECT
5947) was susceptible to ten of them. The genetically manipulated E. coli lpxC/tolC strain was highly susceptible to phenolic acids. The growth
of lactobacilli (Lactobacillus paraplantarum LCH7, Lactobacillus plantarum LCH17, Lactobacillus fermentum LPH1, L. fermentum CECT
5716, Lactobacillus brevis LCH23, and Lactobacillus coryniformis CECT 5711) and pathogens (S. aureus EP167 and C. albicans MY1055) was
also inhibited by phenolic acids, but to varying extents. Only P. aeruginosa PAO1 was not susceptible to any of the phenolic compounds tested.
Structureeactivity relationships of phenolic acids and some of their diet precursors [(þ)-catechin and ()-epicatechin] were established, based
on multivariate analysis of microbial activities. The antimicrobial properties of phenolic acids reported in this paper might be relevant in vivo.
 2010 Elsevier Masson SAS. All rights reserved.
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Human gut microbiota plays key roles in multiple host
functions, including protection against pathogenic organisms,
immunomodulation, the production of essential nutrients and
the degradation of xenobiotic compounds. Diet is a major
factor determining the composition and evolution of the gut
microbiota. In fact, the bacterial conversion of carbohydrates,
proteins and non-nutritive compounds such as phenolic* Corresponding author. Tel.: þ34 91562900; fax: þ34 915644853.
E-mail address: bartolome@ifi.csic.es (B. Bartolome´).
0923-2508/$ - see front matter  2010 Elsevier Masson SAS. All rights reserved.
doi:10.1016/j.resmic.2010.04.006compounds leads to the formation of a large number of
compounds that may have beneficial or adverse effects on
human health (Blaut and Clavel, 2007).
Phenolic compounds are one of the most diverse groups of
secondary metabolites in edible plants. Although earlier
studies were focused on their mutagenic and genotoxic
activity, later epidemiological studies have indicated that
phenolic compounds may play an important role in the
prevention of several diseases common to Western societies.
Phenolics are recognized as direct antioxidants, but they may
also exhibit indirect antioxidant effects through the induction
of endogenous protective enzymes, and beneficial regulatory
effects on signalling pathways (Stevenson and Hurst, 2007). In
373C. Cueva et al. / Research in Microbiology 161 (2010) 372e382general, phenolic compounds are poorly absorbed in the small
intestine; it is estimated that 90e95% of dietary phenolics
accumulate in the colon (Clifford, 2004). In the gut, phenolics
may selectively suppress or stimulate the growth of some
components of intestinal microbiota; consequently, they may
influence bacterial population dynamics (Tzounis et al., 2008).
However, interactions between phenolics and gastrointestinal
bacteria are still poorly understood. Among the different
classes of phenolic compounds, phenolic acids (i.e., benzoic,
phenylacetic and phenylpropionic acids, Fig. 1) and other
aromatic acids are the predominant structures found in fecal
water (Jenner et al., 2005). Although some of these acids could
originate directly from dietary or endogenous sources, most
are thought to come from the microbial metabolism of other
dietary phenolic compounds (mainly flavan-3-ols, flavonols,
flavones and anthocyanins) (Aura, 2008). The fecal phenolic
acid profile seems to vary widely, depending on the phenolic
compounds ingested. For example, 3-hydroxyphenylpropionic
and 3-hydroxybenzoic acids were the major phenolic acids
detected in hydrolyzed rat urine samples after a diet supple-
mentation with (þ)- catechin, whereas rat diets supplemented
with dimer B3 had higher excretion rates of 3,4-dihydrox-
yphenylacetic and 3-hydroxyphenylacetic acids (Gonthier
et al., 2003). 4-Hydroxy-3-methoxyphenyl and 4-hydroxy-3-
methoxybenzoic acids were the most abundant metabolites in
hydrolyzed human urine samples after the intake of berry
anthocyanins (Nurmi et al., 2009).
Recently, microbial-derived phenolic acids have been
implicated in providing a variety of health benefits to the host,
such as the inhibition of platelet aggregation (Rechner and
Kroner, 2005) and antiproliferative activity in prostatic and
tumoral cells (Gao et al., 2006). In addition, the antimicrobial
activity of specific phenolic acids towards beneficial gut
bacteria and pathogens has been assessed while evaluating the
antimicrobial properties of pure phenolics and plant extracts.
Si and co-workers (Si et al., 2006) focused on benzoic acids
(benzoic and 2-hydroxybenzoic, 3-hydroxybenzoic, 4-
hydroxybenzoic and 3-hydroxy-4-methoxybenzoic acids), andBenzoic acid metabolites R1 R2
Benzoic acid H H 
3-Hydroxybenzoic acid H OH 
4-Hydroxybenzoic acid    OH H 
Protocatechuic acid OH OH 
Vanillic acid OH OCH3
Phenylacetic acid metabolites R1 R2
Phenylacetic acid H H 
3-Hydroxyphenylacetic acid H OH 
4-Hydroxyphenylacetic acid OH H 
3,4-Dihydroxyphenylacetic acid OH OH 
Phenylpropionic acid metabolites R1 R2
Phenylpropionic acid H H 
3-Hydroxyphenylpropionic acid H OH 
4-Hydroxyphenylpropionic acid OH H 










Fig. 1. Chemical structure of benzoic, phenylacetic and phenylpropionic acids.Lee and co-workers (Lee et al., 2006) included phenyl-
propionic, 4-hydroxyphenylacetic and 4-hydroxypropionic
acids. However, to our knowledge, no study has systematically
evaluated the antimicrobial properties of phenolic acids of
different ring substitutions, or saturated side chain.
The Escherichia coli species includes non-pathogenic,
pathogenic and commensal bacterial strains that generally
inhabit the normal human gut. In fact, E. coli strain Nissle
1917 (O6:K5:H1) is employed in an infant probiotic prepa-
ration; oral application of this strain to full-term and premature
infants can reduce the number and incidence of infections,
stimulate specific humoral and cellular responses and induce
non-specific natural immunity (Cukrowska et al., 2002). In
contrast, E. coli O157:H7 is a foodborne pathogen that causes
enterohemorrhagic infection and, occasionally, kidney failure.
E. coli strains are widely used in antimicrobial screening
studies, in conjunction with other beneficial and pathogenic
bacteria. Thus, lactobacilli have a long history of safety; they
are ubiquitous in the diet and are found in the gastrointestinal
tract soon after birth. Lactobacilli have received special
attention as probiotics, based on their health-promoting
capacities (Lebeer et al., 2008).
As an approach to exploring the action of phenolic
metabolites in the gut, we have assayed the antimicrobial
activity of a structural array of thirteen benzoic, phenylacetic
and phenylpropionic acids (Fig. 1) towards strains of innoc-
uous and pathogenic E. coli strains and other beneficial
bacteria (Lactobacillus spp.) and pathogens (Staphylococcus
aureus, Pseudomonas aeruginosa and Candida albicans). The
antimicrobial activities of phenolic acid metabolites have been
compared to those of some of their dietary precursors (flavan-
3-ol monomers and dimers). Finally, multivariate statistical
analyses have been applied to confirm similarities and differ-
ences among phenolic acids based on their antimicrobial
potency.
2. Materials and methods2.1. Phenolic compounds3-Hydroxybenzoic acid, 3,4-dihydroxybenzoic acid (pro-
tocatechuic acid), 3-hydroxyphenylacetic acid and (þ)-cate-
chin were obtained from Sigma (St. Louis, MO, USA);
4-hydroxybenzoic acid, 3,4-dihydroxyphenylacetic acid,
3,4-dihydroxyphenylpropionic acid, 4-hydroxy-3-methox-
ybenzoic acid (vanillic acid) and ()-epicatechin from Fluka
AG (Buchs, Switzerland); 4-hydroxyphenylacetic acid and
4-hydroxyphenylpropionic acid from Janssen Chimica
(Beerse, Belgium); benzoic acid and phenylacetic acid from
Aldrich (Steinheim, Germany); phenylpropionic acid from
Extrasynthe`se (Genay, France) and 3-hydroxyphenylpropionic
acid from Alfa Aesar (Karlsruhe, Germany). Stock phenolic
solutions (10 mg/mL) were prepared in 20% dimethyl sulf-
oxide (DMSO), except for benzoic and vanillic acids which
were dissolved in 50% DMSO (20 mg/mL) to improve solu-
bility. Serial-dilution solutions were prepared from the stock
solutions: 5000, 2500, 1250 and 625 mg/mL for all the
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10 000, 5000, 2500 and 1250 mg/mL.2.2. Microorganisms and inoculum preparationA total of 12 microorganisms were included in this study.
E. coli ATCC 25922 and E. coli O157:H7 (CECT 5947;
virulence factor deleted) were obtained from the Spanish Type
Culture Collection (CECT). E. coli lpxC/tolC (lpxC and tolC
genes mutated which resulted in an outer-membrane-perme-
able and efflux-negative mutant) was from the Merck Culture
Collection (Kodali et al., 2005). The Lactobacillus spp. strains
were from the collection of the Department of Nutrition and
Food and Science Technology, Universidad Complutense de
Madrid (Madrid, Spain) and included: Lactobacillus para-
plantarum LCH7, Lactobacillus plantarum LCH17, Lactoba-
cillus fermentum LPH1, L. fermentum CECT 5716 and
Lactobacillus brevis LCH23, which were isolated from the
milk of healthy mothers (Jime´nez et al., 2008; Martı´n et al.,
2003), and Lactobacillus coryniformis CECT 5711 which
produces reuterin and was originally isolated from goat’s milk
cheese (Martı´n et al., 2005b). Human pathogenic reference
strains C. albicans MY1055, S. aureus MSSA (methicillin-
susceptible S. aureus) EP167 (Novick, 1990) and P. aerugi-
nosa PAO1 (Holloway et al., 1979) were from the Merck
Culture Collection.
Inocula of each species were prepared by adding the
contents of thawed cryovials to the relevant growth medium
and incubating overnight. To determine the cfu/mL value, cells
from the cryovials were serially diluted in saline solution
(0.9%). Dilutions were spread onto agar medium and plates
were incubated until colonies reached a suitable size
(approximately 24 h). All determinations were made in
duplicate. After estimating the value of cfu/mL, each thawed
bacterial suspension was diluted in a growth medium to ach-
ieve an inoculum of 1  106 cfu/mL for the antimicrobial
activity test. In the case of C. albicans MY1055, the inoculum
preparation differed slightly. Frozen stocks were directly
inoculated onto Sabouraud dextrose agar (SDA) plates to
produce confluent growth at 35 C for 24 h. Colonies were
harvested from SDA plates and suspended in the appropriate
growth medium (RPMI modified pH 7.0). The optical density
at 660 nm (OD660) was adjusted to 0.25 using the growth
medium for dilution. This suspension was diluted 1:10 and
kept on ice until used for the antimicrobial activity test. The
concentration of this inoculum was 1.0  107 cfu/mL, a value
10-fold higher relative to the other microorganisms studied
(Bills et al., 2009; Roemer et al., 2003; Vicente et al., 2009).2.3. Antimicrobial activity assayThe assay used was previously described for the study of
the antimicrobial properties of fungal and bacterial extracts
against pathogens (Pela´ez et al., 2008; Vicente et al., 2009).
Pipetting and mixing were performed in a TECAN
AQUARIUS pipetting station (Tecan, Durham, USA). The
plates used were microtiter 96-plates Costar 3370 (Corning,NY, USA). First, 10 mL of the antibiotic solution (positive and
negative controls), solvent (20% DMSO) or phenolic solutions
were added to different wells of the microplate. In a second
step, 90 mL of broth medium were added to the solvent wells,
corresponding to the blank. Finally, 90 mL of the diluted strain
were added to the remaining microplate wells, including the
controls. The final assay volume was 100 mL. When the
phenolic compounds were dissolved in 50% DMSO, the
volumes were adjusted to a final assay volume of 200 mL to
mitigate the negative effects of DMSO: 20 mL of positive or
negative control solutions plus 180 mL of the diluted strain;
10 mL of the solvent (50% DMSO) plus 190 mL of the broth
medium; and 10 mL of the phenolic solution plus 190 ml of the
diluted strain. After dispensing the inoculum, the plates were
read in a Tecan Ultra Evolution (Tecan, Durham, USA)
spectrophotometer at 612 nm for T0 (Zero Time). Then the
plates were incubated, without shaking, until the stationary
phase was achieved. Before absorbance was read for TF (Final
Time), plates were shaken in the Micromix (Thermo Fisher
Scientific, Waltham, USA) to resuspend any possible precip-
itate. Tests were carried out in duplicate.





ðTFGrowth T0GrowthÞ  ðTFBlankT0BlankÞ
 100
where T0Sample and TFSample corresponded to the absorbance
at 612 nm of the strain growth in the presence of the phenolic
compound before and after incubation, respectively; T0Blank
and TFBlank corresponded to the broth medium with solvent
before and after incubation, respectively; and T0Growth and
TFGrowth to the strain growth in the absence of the phenolic
compound before and after incubation, respectively. Inhibition
values below 10% were considered negligible.2.4. Statistical analysisThe statistical methods used for data analysis were: cluster
analysis (CA) to determine the grouping of the studied
phenolic compounds according to their antimicrobial activity;
principal component analysis (PCA) from standardized vari-
ables, to examine the relationship between the analyzed vari-
ables and phenolic compounds; and analysis of variance
(ANOVA) and StudenteNewmaneKeuls (SNK) test for
means comparisons. Data were processed with the STATIS-
TICA program for Windows, version 7.1 (StatSoft, Inc., 2005,
www.statsoft.com.) and the SPSS program for Windows,
version 15.0 (SPSS Inc. 1989e2006, www.spss.com).
3. Results and discussion3.1. Antimicrobial activity against E. coli strainsThe growth response (% inhibition) of the three strains of
E. coli was measured in the presence of fecal phenolic acids
375C. Cueva et al. / Research in Microbiology 161 (2010) 372e382(Fig. 1) at several concentrations from 62.5 to 1000 mg/mL
(Fig. 2). This concentration range was selected on the basis of
previous data reported in the literature for the inhibition of
phenolic acids (Si et al., 2006; Lee et al., 2006). Susceptibility
of E. coli to phenolic acids was strain-dependent. The growth
of the non-pathogenic strain ATCC 25922 was only inhibited
by four of the phenolic acids tested, while the pathogenic
strain O157:H7 CECT 5947 was susceptible to ten of the
thirteen phenolic acids studied (Fig. 2). The E. coli lpxC/tolC
strain was highly susceptible to the presence of phenolic acids;
its growth was inhibited by all the phenolic acids tested, at




































































































































































































Fig. 2. Inhibition (%) of growth of E. coli stbacteria, such as E. coli, are characterized by an outer
membrane that provides the cell with a hydrophilic surface
that is able to exclude certain hydrophobic molecules, there-
fore imparting an intrinsic resistance of these bacteria to
antimicrobial compounds (Perry et al., 2009). Small phenolic
compounds, such as phenolic acids, would easily cross the
membrane and exert their antimicrobial activity (Ikigai et al.,
1993). The strain of E. coli lpxC/tolC has two mutated genes:
the lpxC gene is an essential gene coding, UDP-3-O-acyl-N-
acetylglucosamine deacetylase, which catalyzes the second
step in lipid A biosynthesis, a component of the lipopolysac-





















































































rains by phenolic acids and flavan-3-ols.
376 C. Cueva et al. / Research in Microbiology 161 (2010) 372e382et al., 1995); the product of the tolC gene is an outer-
membrane protein (Koronakis et al., 2000), which interacts
with a membrane fusion protein (AcrA) and an inner
membrane protein (AcrB) forming the AcrABeTolC complex
(Tamura et al., 2005), which is involved in exporting a wide
variety of drugs and toxic compounds out of the cell. These
lpxC and tolC gene mutations may facilitate the antimicrobial
action of phenolic acids against E. coli, but further studies
with specific mutants should be carried out to confirm these
results.
The antimicrobial effects of the phenolic acids against E.
coli were structure-dependent (i.e., benzene ring substitutions
and saturated side-chain length). Benzoic, phenylacetic and
phenylpropionic acids were the most active compounds,
reaching inhibitions of 100% for E. coli strains O157:H7 and
lpxC/tolC at a concentration of 1000 mg/mL (Fig. 2). For both
classes of benzoic and phenylacetic acids, E. coli was
inhibited in the following order of potency: non-
substituted >> 4-hydroxy-3-methoxy- >3-hydroxy-
> 4-hydroxy- > 3,4-dihydroxy-substituted acid (Fig. 2). For
phenylpropionic acids, the order differed slightly: non-
substituted >> 4-hydroxy- > 3-hydroxy- >> 3,4-dihydroxy-
substituted acid (Fig. 2). With respect to the saturated side
chain, the order of potency, for the same benzene ring
substitution, was benzoic > phenylacetic > phenylpropionic
acid for the strain ATCC 25922, although the relationship was
not so evident for the other two E. coli strains (Fig. 2).
Some of these results agree with the few literature reports
on the antimicrobial properties of phenolic acids against gut
bacteria. A MIC (minimal inhibitory concentration) value of
2667 mg/mL for 3,4-dihydroxybenzoic acid for E. coli ATCC
25922 has been reported (Taguri et al., 2006), which means
that inhibition would not be detected at the concentrations
used in this study (62.5e1000 mg/mL). Other phenolic
compounds, such as epigallocatechin-3-O-gallate, have also
shown good activity against E. coli ATCC 25922 (MIC
value ¼ 533 mg/mL) (Taguri et al., 2006). For E. coli O157:
H7, inhibition (50%) by benzoic, 3-hydroxybenzoic, and 3-
hydroxy-4-methoxybenzoic acids has been reported (Si et al.,
2006), but none by 4-hydroxybenzoic acid, all at a concentra-
tion of 500 mg/mL. For two pathogenic and one non-patho-
genic E. coli strains, strong inhibition (>90%) by
phenylpropionic, 4-hydroxyphenylacetic and 4-hydrox-
ypropionic acids at concentrations of 1000 mg/mL has been
observed (Lee et al., 2006).
Other phenolic compounds tested [(þ)-catechin, ()-epi-
catechin, B1 and B2] showed no inhibitory effects against
ATCC 25922 and O157:H7 CECT 5947 strains, and were only
slightly active against E. coli lpxC/tolC (Fig. 2). Therefore,
phenolic acids seemed to show greater antimicrobial potency
against E. coli strains than their corresponding dietary
precursors such as the flavan-3-ol monomers and dimers tested
in this study.
The antimicrobial activity of phenolic acids against E. coli
was concentration-dependent (Fig. 2), as in other studies with
other phenolic compounds (Juvent et al., 1994). The maximum
concentration tested for phenolic acids (1000 mg/mL) wasaround 3000e5000-fold higher than the concentrations of
commercial antibiotics (ciprofloxacin or novobiocin) that led
to similar inhibition percentages against E. coli strains under
the same experimental conditions (results not shown).
However, concentrations of 1000 mg/mL (8.1 mM for benzoic
acid, 7.3 mM for phenylacetic acid and 6.6 mM for phenyl-
propionic acid) may be physiologically relevant in the gut,
because they are in line with the estimation that the dilution of
500 mg of phenolics with the digestive bolus in the colon
would give a local concentration of 3 mM (Scalbert and
Williamson, 2000).3.2. Antimicrobial activity against lactobacilliThe antimicrobial activity of phenolic acids was evaluated
against L. paraplantarum LCH7, L. plantarum LCH17, L.
fermentum LPH1, L. fermentum CECT 5716, L. brevis LCH23
and L. coryniformis CECT 5711 (Table 1). Among them, L.
paraplantarum LCH7 was most susceptible to the action of
phenolic acids (62.5e1000 mg/mL), while L. fermentum LPH1
was most resistant. The phenolic susceptibility of different
strains from the same species (L. fermentum CECT 5716 and
L. fermentum LPH1) changed slightly. 4-Hydroxybenzoic was
the most active compound against all strains except for L.
coryniformis CECT 5711, for which both 4-hydroxybenzoic
and phenylpropionic were the most potent compounds, and for
L. fermentum CECT 5716, for which 3-hydrox-
yphenylpropionic acid was the most potent (Table 1).
Unlike E. coli (Gram-negative), lactobacilli (Gram-posi-
tive) are enclosed in a plasma membrane covered by a thick
peptidoglycan wall and lack an outer membrane. The number
and position of substitutions in the phenolic acids’ benzene
ring influenced their antimicrobial potential against lactoba-
cilli, but in a different manner from that in the E. coli species.
For benzoic acids, the order of potency was: 4-hydroxy-
> 3-hydroxy- > non-substituted > 4-hydroxy-3-methoxy-
> 3,4-dihydroxy-substituted acids, except for L. coryniformis
CECT 5711 (4-hydroxy- > non-substituted >3-hydroxy > 4-
hydroxy-3-methoxy-substituted acids) (Table 1). For phenyl-
acetic acids, growth inhibition of lactobacilli was on the order
of non-substituted > 3-hydroxy- > 4-hydroxy- > 3,4-dihy-
droxy-substituted acids. For phenylpropionic acids, growth
inhibition was as follows: non-substituted > 4-hydroxy- > 3-
hydroxy > 3,4-dihydroxy-substituted acids, except for L. fer-
mentum CECT 5716 (3-hydroxy > non-substituted >> 4-
hydroxy- and 3,4-dihydroxy-substituted acids) and L. planta-
rum LCH17 (non-substituted > 3-hydroxy- > 4-hydroxy-
>> 3,4-dihydroxy-substituted acids) (Table 1). The relation-
ship of the saturated side chain to the antimicrobial potential
against lactobacilli was unclear and differed from that seen for
E. coli ATCC 25922 (see above).
Although the antimicrobial activity of phenolic acids
against these lactobacilli species has not been previously
reported, others have observed a certain inhibition for L. casei
by phenylpropionic (62%), 4-hydroxyphenylacetic (19%) and
4-hydroxypropionic (19%) acids at a concentration of
1000 mg/mL (Lee et al., 2006). However, L. rhamnosus GG
Table 1






















Benzoic acid 62.5 e e e e e e e e e
125 e e e e e e e e e
250 e e e e e 23.43 e e e
500 15.55 e e e e 37.41 e 17.41 e
1000 93.94 10.52 e 10.52 e 63.70 15.99 94.35 e
3-Hydroxybenzoic acid 62.5 e e e e e e e e
125 e e e e e e e e
250 19.78 e e e e e e e
500 80.59 11.26 e e e 25.40 e 18.58 e
1000 94.35 42.28 e e e 45.45 e 90.54 e
4-Hydroxybenzoic acid 62.5 33.79 e e e e 23.84 e e e
125 55.64 e e e e 25.31 e e e
250 91.77 14.44 e e e 37.35 e e e
500 95.03 30.88 e e e 54.40 e 33.13 e
1000 96.10 68.68 17.93 20.08 35.06 71.26 e 97.20 e
3,4-Dihydroxybenzoic acid 62.5 e e e e e e e e e
125 e e e e e e e e e
250 16.85 e e e e e e e e
500 31.09 e e e e e e e e
1000 29.65 e e e e e 55.60 e
4-Hydroxy-3-methoxybenzoic
acid
62.5 e e e e e e e e e
125 e e e e e e e e e
250 e e e e e 12.76 e e e
500 e e e e e 16.54 e e e
1000 89.86 e e e e 31.83 e 71.89 e
Phenylacetic acid 62.5 e e e e e e e e e
125 e e e e e e e e e
250 e e e e e e e e e
500 66.98 e e e e 24.41 e e e
1000 93.84 27.14 e e e 53.09 e 72.78 e
3-Hydroxyphenylacetic acid 62.5 e e e e e e e e e
125 e e e e e e e e e
250 e e e e e e e e e
500 71.64 e e e e e e e e
1000 93.61 24.28 e e e 28.07 e 70.40 e
4-Hydroxyphenylacetic acid 62.5 e e e e e e e e e
125 e e e e e e e e e
250 e e e e e e e e e
500 73.86 e e e e e e e e
1000 92.94 13.40 e e e 21.09 65.75 e





























































62.5 e e e e e e e e e
125 e e e e e e e e e
250 e e e e e e e e e
500 e e e e e e e e e
1000 89.22 e e e e e e 33.53 e
Phenylpropionic acid 62.5 e e e e e e e e e
125 e e e e e e e e e
250 29.47 e e e e 22.29 e e e
500 92.70 e e e e 51.45 15.13 e e
1000 96.46 30.02 e 12.03 14.14 86.19 29.40 89.54 e
3-Hydroxyphenylpropionic
acid
62.5 e e e e e e e e e
125 e e e e e e e e e
250 e e e e e e e e e
500 41.74 e e e e 12.57 e e e
1000 92.99 27.88 e 43.60 e 31.02 e 67.21 e
4-Hydroxyphenylpropionic
acid
62.5 e e e e e 23.80 e e e
125 e e e e e 22.82 e e e
250 14.88 e e e e 27.27 e e e
500 86.09 e e e e 37.92 e e e
1000 94.58 15.61 e e e 56.29 e 69.86 e
3,4-Dihydroxyphenylpropionic
acid
62.5 e e e e e e e e e
125 e e e e e e e e e
250 e e e e e e e e e
500 e e e e e e e e e
1000 32.99 e e e e e e 40.73 e
(þ)-Catechin 62.5 e e e e e e e e e
125 11.67 e e e e e e e e
250 30.15 e e e e e e e e
500 44.08 e e e e e e e e
1000 59.95 e e e e e e e e
()-Epicatechin 62.5 e e e e e e e e e
125 e e e e e e e e e
250 27.06 e e e e e e e e
500 51.11 e e e e e e e e






































379C. Cueva et al. / Research in Microbiology 161 (2010) 372e382ATCC 53103 was more resistant (<10% of inhibition) to the
action of the same acids (Lee et al., 2006).
Flavan-3-ol monomers [(þ)-catechin, ()-epicatechin]
were only active against L. paraplantarum LCH7 at
a concentration up to 125 mg/mL for (þ)-catechin and 250 mg/
mL for ()-epicatechin (Table 1). As seen for E. coli strains,
phenolic acids seemed to be more antimicrobial against lac-
tobacilli species than their corresponding dietary precursors.
The antimicrobial effects of phenolic acids against lacto-
bacilli may be relevant in vivo, as it has been suggested that L.
brevis LCH23, L. fermentum CECT 5716, L. fermentum LPH1,
L. paraplantarum LCH7 and L. plantarum LCH17 could have
an intestinal origin, even though they were isolated from human
milk (Martı´n et al., 2003). In addition, some of the lactobacilli
strains studied herein have a proven probiotic character (Martı´n
et al., 2005a). Among them, L. coryniformis CECT 5711 is
a reuterin-producing strain currently commercialized in dairy
products (Lara-Villoslada et al., 2007). Our results indicate that
high concentrations of phenolic acids (1000 mg/mL) may limit
the in vivo viability of the lactobacilli tested. However, more
studies are required to elucidate the influence of phenolic acids
on the survival and probiotic activities of lactobacilli in
complex ecosystems such as the gut.3.3. Antimicrobial activity against pathogensAmong the pathogens tested, the Gram-positive bacteria S.
aureus EP167 strain was most susceptible; all phenolic acids
inhibited its growth, at least, at a concentration of 1000 mg/mL
(Table 1). Growth of the yeast C. albicans MY1055 was only
marginally inhibited by benzoic acid (16% at a concentration
of 1000 mg/mL) and phenylpropionic acid (29% at a concen-
tration of 1000 mg/mL). Phenolic acids failed to inhibit growth
of the Gram-negative bacterium P. aeruginosa PAO1 at any
concentration tested (Table 1).
In the case of S. aureus EP167, antimicrobial activity
was in the following order: 4-hydroxy- > non-
substituted > 3-hydroxy- > 4-hydroxy-3-methoxy-
> 3,4-dihydroxy-substituted acid for benzoic acids. For phe-
nylacetic acids, growth inhibition of S. aureus EP167 was in the
following order: non-substituted > 3-hydroxy- > 4-hydroxy-
> 3,4-dihydroxy-substituted acids, whereas for phenyl-
propionic acids the order was: non-substituted > 4-hydroxy-
> 3-hydroxy > 3,4-dihydroxy-substituted acids (Table 1),
which is the same pattern observed for lactobacilli species (see
above) which are also Gram-positive bacteria. In relation to the
saturated side chain, benzoic acids were more active than their
corresponding phenylacetic and phenylpropionic acids for the
different substitutions in the benzene ring (non-substituted, 3-
hydroxy-, 4-hydroxy-, and 3,4-dihidroxy-substituted acids)
(Table 1).
Previous studies on S. aureus ATCC 29213 and P. aerugi-
nosa ATCC 27853 have shown that the susceptibility of the
two species differed greatly towards 3,4-dihydroxybenzoic
acid (MIC values of 667 and 2133 mg/mL, respectively)
(Taguri et al., 2006), which agrees with our results. However,
others reported almost 100% inhibition of the growth ofS. aureus NCTC 7447 and P. aeruginosa (hospital isolate) by
phenylpropionic, 4-hydroxyphenylacetic and 4-hydrox-
ypropionic acids at a concentration of 1000 mg/mL (Lee et al.,
2006). Other phenolic compounds, such as epigallocatechin-3-
O-gallate, have also shown good activity against these two
same strains (MIC value ¼ 133 mg/mL for S. aureus ATCC
29213 and MIC value ¼ 400 mg/mL for P. aeruginosa ATCC
27853) (Taguri et al., 2006).
As with the lactobacilli, (þ)-catechin and ()-epicatechin
produced no growth inhibition of any of the pathogens tested
at concentrations  1000 mg/mL (Table 1).
A possible mechanism to explain the antimicrobial action
of phenolic acids against pathogens is hyperacidification at the
plasma membrane interphase (Vattem et al., 2005) as
a consequence of dissociation of phenolic acids (Choi and Gu,
2001). This hyperacidification would alter cell membrane
potential, making it more permeable, as well as affecting the
sodiumepotassium ATPase pump implicated in ATP synthesis
(Vattem et al., 2005). This mechanism would explain the
differences in sensitivity towards phenolic acids among the
pathogenic microorganisms S. aureus EP167, P. aeruginosa
PAO1 and C. albicans MY1055. The Gram-positive bacterium
S. aureus lacks an outer membrane, which would facilitate
diffusion of the phenolic acids through the cell wall and
intracellular acidification, as well as irreversible alterations in
the sodium-potassium ATPase pump, therefore leading to cell
death. The outer membrane of P. aeruginosa (Gram-negative)
would act as a barrier to hyperacidification, and together with
the transport system MexEeMexFeOprN (Ko¨hler et al.,
1999) that pumps toxins out of the cell, these features make
this species resistant to the action of phenolic compounds. C.
albicans has a cell wall consisting of glucans, chitin and
proteins (Chaffin, 2008), providing a barrier against the action
of phenolic compounds (Papadopoulou et al., 2005). In our
study, C. albicans MY1055 was only inhibited by benzoic and
phenylpropionic acids.3.4. Statistical relationship among the compounds and
microorganisms studiedIn order to summarize the structureeactivity relationships
of phenolic compounds and their antimicrobial activity, CA
was applied to the inhibition percent data corresponding to
phenolic acids and (þ)-catechin and ()-epicatechin at
a concentration of 1000 mg/mL for all microorganisms tested,
except P. aeruginosa. Euclidean distance was taken as
a measure of proximity between two samples and Ward’s
method was used as the linkage rule. The variables were
previously standardized. Three distinct groups of compounds
could be discriminated (Fig. 3). Group A consisted of phenolic
acids with a hydroxyl substituent in position 3 or 4; group B
included non-substituted acids (benzoic, phenylacetic and
phenylpropionic acids); and group C included monomers of
flavan-3-ols [(þ)-catechin and ()-epicatechin] together with
3,4-dihydroxy-substituted phenolic acids. Therefore, the anti-
microbial properties of phenolic compounds were indeed





















































































































































































Fig. 3. Dendrogram and grouping of the phenolic compounds as a function of their antimicrobial activity.
380 C. Cueva et al. / Research in Microbiology 161 (2010) 372e382To compare the antimicrobial activity of phenolics grouped
by their chemical structure (groups A, B and C) against the
different microorganisms, ANOVA and subsequently the SNK
test were used. Significant differences ( p < 0.05) were
confirmed among the three groups for all antimicrobial
activities studied except for L. brevis LCH23, L. fermentum
CECT 5716 and L. fermentum LPH1 (results not shown).
Within group A, the position of the hydroxyl substitution in
the aromatic ring (3- or 4-) influenced the antimicrobial
activity of the compounds, although this behavior varied
depending on the type of microorganism (Fig. 2, Table 1).
Within group B, the length of the saturated side-chain influ-
enced the antimicrobial activity; thus, benzoic acid was more
active against Gram-negative bacteria (three strains of E. coli),
while phenylpropionic acid was more active against Gram-
positive bacteria and the yeast C. albicans MY1055 (Fig. 2,
Table 1). Compounds of group C only inhibited the most
susceptible microorganisms: E. coli lpxC/TolC, L. para-
plantarum LCH17, L. coryniformis CECT 5711 and S. aureus
EP167 (Fig. 2, Table 1).
PCA was used to examine the relationship between the
antimicrobial activities of the different microorganisms and
phenolic compounds. Two principal components explained
72% of the total variation. The first principal component (PC1,
50.1% of the total variance) was negatively correlated with the
inhibition percentage towards L. coryniformis CECT 5711
(0.97), E. coli lpxC/TolC (0.86), S. aureus EP167 (0.87)
and L. paraplantarum LCH17 (0.77), and differentiated the
three groups of phenolic compounds. The second principal
component (PC2, 22.1% of the total variance) was negatively
correlated with L. fermentum LPH1 (0.79) and positively
with E. coli ATCC 25922 (0.65) and E. coli CECT 5947 (0.64)
and separated group B from the other two. The scores of thephenolic compounds in groups A, B and C and the loadings of
the antimicrobial activity against various microorganisms,
were plotted as a biplot in the plane defined by the first two
principal components (Fig. 4). Separation among the three
groups of phenolic compounds was evident. The compounds
of group B showed negative values for PC1, i.e., higher values
of the variables negatively correlated with that component;
those in group C showed positive values for PC1, and thus
these compounds have low values of the variables that are
negatively correlated with that component; and those in group
A were located in the central plane (intermediate values of
PC1 and PC2). This distribution of the compounds based on
their chemical structures was similar to that observed in
cluster analysis (Fig. 3). The biplot provided more information
on variable values in samples by projection of the coordinates
of the samples in the vectors corresponding to the variables;
thus, the antimicrobial activities against the microorganisms
E. coli ATCC 25922, E. coli O157:H7 and C. albicans
MY1055 were higher for the three phenolic compounds in
group B, and the antimicrobial activity against L. fermentum
LPH1 was higher for 4-hydroxybenzoic acid (group A).
In conclusion, this paper reports that phenolic acids (ben-
zoic, phenylacetic and phenylpropionic) originating from
microbial degradation of different classes of dietary phenolic
compounds can inhibit growth of intestinal bacteria and
pathogens at concentrations that might be physiologically
relevant. These colonic metabolites can have effects on the
epithelium at the site of conversion and may also affect
colonic microbiota locally. The antimicrobial effect of
phenolic acids on E. coli growth was found to be strain-
dependent. The pathogenic strain E. coli O157:H7 was
susceptible to most of the phenolic acids tested at a concen-




























Fig. 4. Plot of the phenolic compounds in groups A (3-hydroxybenzoic,
4-hydroxybenzoic, 4-hydroxy-3-methoxybenzoic, 3-hydroxyphenylacetic,
4-hydroxyphenylacetic, 3-hydroxyphenylpropionic and 4-hydrox-
yphenylpropionic acids), B (benzoic, phenylacetic and phenylpropionic acids)
and C [(þ)-catechin, ()-epicatechin, and 3,4-dihydroxybenzoic, 3,4-dihy-
droxyphenylacetic and 3,4-dihydroxyphenylpropionic acids], and the loadings
of themicroorganisms in the plane defined by the first two principal components.
381C. Cueva et al. / Research in Microbiology 161 (2010) 372e382pathogenic ATCC 25922 strain was only inhibited by the most
active phenolic acids. However, lactobacilli strains of the same
species (L. fermentum CECT 5716 and L. fermentum LPH1)
showed similar susceptibility. In general, variations in anti-
microbial activities among bacteria may reflect differences in
cell surface structures between Gram-negative and Gram-
positive species. Lactobacillus spp. and S. aureus (Gram-
positive) appeared more susceptible to the action of phenolic
acids than Gram-negative bacteria such as E. coli and
P. aeruginosa. Mutations of the lpxC and tolC genes on E. coli
seemed to amplify the phenolic acid antimicrobial mecha-
nisms of action against Gram-negative species.
Also, the number and position of substitutions in the
benzene ring of the phenolic acids and the saturated side-chain
length influenced the antimicrobial potential of the phenolic
acids against the different microorganisms, but in different
ways. Phenolic acids seemed to show greater antimicrobial
potency than their corresponding precursors such as the
monomers (þ)-catechin, ()-epicatechin and dimers B1 and
B2. Therefore, microbial transformations of dietary phenolics
(flavonols, flavan-3-ols, flavones and anthocyanins) could lead
to more potent microbial-inhibitory compounds (phenolic
acids) that selectively influence intestinal bacteria species, and
therefore could affect the diversity and metabolic activity of
the intestinal microbiota, including the transformation of
phenolics in the gut. Further studies taking into account the
diversity and complexity of the human microbiota are required
in order to confirm the potential microbiota-modulating effects
of phenolic acids.
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Publicación IV.2.3. Catabolismo de un extracto de pepita de uva rico en 
flavan-3-oles por la microbiota fecal humana. Análisis dirigido de 
compuestos precursores, metabolitos intermediarios y productos finales. 
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Resumen: 
Se llevaron a cabo fermentaciones in vitro de polifenoles de pepita de uva con 
microbiota fecal humana, con el fin de monitorizar los cambios en los flavan-3-oles 
precursores así como en la formación de metabolitos microbianos derivados de su 
metabolismo. El análisis por UPLC-DAD-ESI-TQ MS reveló que los monómeros, 
dímeros y trímeros de procianidinas se degradaban, con notables diferencias entre los 
individuos, en las primeras 10 h de fermentación. Este período (10 h) coincidió con la 
concentración más alta de metabolitos intermediarios, tales como la 5-(3',4'-
dihidroxifenil)-γ-valerolactona y el ácido 4-hidroxi-5-(3',4'-hidroxifenil)-valérico, y de 
varios ácidos fenólicos, entre los que se incluían el ácido 3-(3,4-dihidroxifenil)-
propiónico, el ácido 3,4-dihidroxifenilacético, el ácido 4-hidroximandélico y el ácido 
gálico (máxima concentración a las 5-10 h). Las fases posteriores de la incubación (10-
48 h) se caracterizaron por la aparición, mediante reacciones de deshidroxilación, de 
las formas mono- y no-hidroxiladas de los metabolitos citados anteriormente. De 
particular interés fue la detección, por primera vez, de la γ-valerolactona como un 
metabolito procedente del catabolismo microbiano de flavan-3-oles. Por último, los 
cambios registrados a lo largo de la fermentación se resumieron mediante un análisis 
de componentes principales (PCA). Los resultados revelaron que la 5-(3',4'-
dihidroxifenil)-γ-valerolactona era un metabolito clave para explicar las diferencias 
interindividuales y la velocidad y grado de catabolismo microbiano de los flavan-3-
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Microbial catabolism0308-8146/$ - see front matter  2011 Elsevier Ltd. A
doi:10.1016/j.foodchem.2011.08.011
⇑ Corresponding author.
E-mail address: b.bartolome@csic.es (B. BartoloméIn vitro batch culture fermentations were conducted with grape seed polyphenols and human faecal mic-
robiota, in order to monitor both changes in precursor ﬂavan-3-ols and the formation of microbial-
derived metabolites. By the application of UPLC-DAD-ESI-TQ MS, monomers, and dimeric and trimeric
procyanidins were shown to be degraded during the ﬁrst 10 h of fermentation, with notable inter-
individual differences being observed between fermentations. This period (10 h) also coincided with
the maximum formation of intermediate metabolites, such as 5-(30 ,40-dihydroxyphenyl)-c-valerolactone
and 4-hydroxy-5-(30 ,40-dihydroxyphenyl)-valeric acid, and of several phenolic acids, including 3-(3,4-
dihydroxyphenyl)-propionic acid, 3,4-dihydroxyphenylacetic acid, 4-hydroxymandelic acid, and gallic
acid (5–10 h maximum formation). Later phases of the incubations (10–48 h) were characterised by
the appearance of mono- and non-hydroxylated forms of previous metabolites by dehydroxylation reac-
tions. Of particular interest was the detection of c-valerolactone, which was seen for the ﬁrst time as a
metabolite from the microbial catabolism of ﬂavan-3-ols. Changes registered during fermentation were
ﬁnally summarised by a principal component analysis (PCA). Results revealed that 5-(30 ,40-dihydroxy-
phenyl)-c-valerolactone was a key metabolite in explaining inter-individual differences and delineating
the rate and extent of the microbial catabolism of ﬂavan-3-ols, which could ﬁnally affect absorption and
bioactivity of these compounds.
 2011 Elsevier Ltd. All rights reserved.1. Introduction
Over the past decade, a number of epidemiological and interven-
tional studies have demonstrated that there may be an association
between polyphenol consumption and human health (Arts, Jacobs,
Harnack, Gross, & Folsom, 2001; Hertog, Feskens, & Kromhout,
1997; Knekt et al., 2000). However, before exhibiting their activity
in the human organism, polyphenols need to be bioavailable. There-
fore, bioavailability is a key issue, linking food polyphenols and hu-
man health. Many polyphenols present poor absorption in the small
intestine but are metabolised by the colonic microbiota into simple
phenolic compounds that could be further absorbed (Aura, 2008;
Selma, Espín, & Tomás-Barberán, 2009; Williamson & Clifford,
2010). A recent study in ileostomy subjects has estimated that
around 70% of a green tea polyphenols intake is present in ileal ﬂuid
(Stalmach et al., 2010), conﬁrming that, in general, the amount of
non-absorbable polyphenols reaching the colon is high and thatll rights reserved.
).microbial-derived phenolic metabolites must be partly responsible
for phenolic-associated health beneﬁts (Williamson & Clifford,
2010). Amongst these non-absorbable polyphenols are ﬂavan-
3-ols, in particular their oligomeric and polymeric forms, or
proanthocyanidins, which are very abundant in wine, grape, cocoa,
apple, and nut skins, amongst other sources (Manach, Scalbert,
Morand, Rémésy, & Jiménez, 2004). Bioavailability of ﬂavan-3-ols
is inﬂuenced by the degree of polymerisation (DP). Monomeric ﬂa-
van-3-ols are readily absorbed in the small intestine; dimeric
procyanidins present low absorption, whereas oligomeric
(DPP 3) and polymeric forms require activities by the colonic mic-
robiota in order to be absorbed and further metabolised (Déprez
et al., 2000; Gonthier et al., 2003b; Monagas et al., 2010). Moreover,
the colonic microbiota also plays an important role in the overall
bioavailability of the absorbable-ﬂavan-3-ol fraction, since these
compounds also reach the colon, by enterohepatic recirculation,
as phase II conjugates that are deconjugated and further catabolised
by the microbiota. The colonic metabolism of ﬂavan-3-ols is com-
plex and, despite enormous effort being devoted to this area in
recent years, catabolic pathways are still under elucidation
338 F. Sánchez-Patán et al. / Food Chemistry 131 (2012) 337–347(Appeldoorn, Vincken, Aura, Hollman, & Gruppen, 2009; Stoupi,
Williamson, Drynan, Barron, & Clifford, 2010) and the bacteria
responsible have not yet been identiﬁed. Althoughmany of the ﬁnal
microbialmetabolites are similar to those formed by the catabolism
of other ﬂavonoids, which mainly include phenylacetic, phenylpro-
pionic and benzoic acids of different degree of hydroxylation,
intermediate metabolites, such as 5-(30,40-dihydroxyphenyl)-c-
valerolactone and 4-hydroxy-5-(30,40-dihydroxyphenyl)-valeric
acid, are characteristics of the catabolism of ﬂavan-3-ols but often
overlooked. However, recent studies have indicated that their
occurrence and residence time in humans deserve consideration
for possible local or systemic effects (Garrido et al., 2010; Llorach
et al., 2010). Although the bioactivities of microbial catabolites
are still largely unknown, in particular in their actual conjugated
form, the antioxidant, anti-inﬂammatory and anti-proliferative
effects of 5-(3,4-dihydroxyphenyl)-c-valerolactone have been
reported (Grimm, Schäfer, & Hoögger, 2004; Lambert, Rice, Hong,
Hou, & Yang, 2005). Concerning microbial-derived phenolic acids,
antioxidant, anti-thrombotic, anti-inﬂammatory and anti-prolifera-
tive activities, as well as inhibition of pathogenic bacteria and
modulation of lipid metabolism, have been described (Monagas
et al., 2010).
Studies on themicrobial catabolismof grape orwineﬂavan-3-ols
(Gross et al., 2010; Grün et al., 2008; van Dorsten et al., 2009;Ward,
Croft, Puddey, & Hodgson, 2004) or individual monomeric ﬂavan-
3-ols and dimeric procyanidins (Appeldoorn et al., 2009; Kohri,
Suzuki, & Nanjo, 2003; Meselhy, Nakamura, & Hattori, 1997; Roowi
et al., 2010; Stoupi et al., 2010; Takagaki & Nanjo, 2010; van’t Slot &
Humpf, 2009) have been carried out. Most of these studies have
monitored the formation of metabolites during the time-course of
fermentation but only rarely have concurrently studied disappear-
ance of the original substrate or precursor compounds. The aim of
the present work was to conduct in vitro batch fermentation
experiments of a grape seed extract with human faecal microbiota
in order to assess both changes in non-galloylated and galloylated
monomeric, dimeric and trimeric precursor ﬂavan-3-ols, as well as
the formation of a wide range of intermediate and ﬁnal microbial
metabolites derived from ﬂavan-3-ol catabolism.Table 1
Phenolic composition of the Vitaﬂavan grape seed
extract.
mg/g2. Materials and methods
2.1. Materials
Standards of phenolic compounds were purchased from Sigma–
Aldrich Chemical Co (St. Loius, MO), Phytolab (Vestenbergsgreuth,
Germany) or Extrasynthèse (Genay, France). Vitaﬂavan extract ob-
tained from grape seeds was kindly provided by Les Dérives Resi-
niques & Terpéniques (DRT), S.A. (France). LC grade solvents were
purchased from Lab-Science (Sowinskiego, Poland) or from Schar-
lau (Barcelona, Spain). Bacteriological growth media supplements
were obtained from Oxoid Ltd. (Basingstoke, Hants, UK). The
remaining chemicals and reagents were obtained either from
Sigma–Aldrich Co. Ltd. (Poole, Dorset, UK) or Fisher (Loughborough,
Leics, UK).Gallic acid 9.11 ± 0.01
(+)-Catechin 74.6 ± 0.09
()-Epicatechin 67.7 ± 0.75
()-Epicatechin-3-O-gallate 26.2 ± 0.41
B1 61.0 ± 1.42
B2 45.1 ± 0.95
B3 20.4 ± 0.33
B4 15.0 ± 0.13
B2-3-O-gallate 1.80 ± 0.06
B2-30-O-gallate 1.61 ± 0.01
C1 7.07 ± 0.08
T2 6.81 ± 0.06
Mean value (n = 3) ± SD.2.2. Faecal sample preparation
Faecal samples were collected from three different individuals.
All volunteers were in good health and had not been given antibi-
otics for at least 6 months before the study. Samples were col-
lected, on site, on the day of the experiment and were used
immediately. Samples were diluted 1:10 (w/v) with anaerobic
phosphate buffer (1 M; pH 7.2) and homogenised in a stomacher
for 2 min. Resulting faecal slurries from each individual (i.e. faecalsamples were not pooled) were used to inoculate batch-culture
vessels.
2.3. Batch-culture fermentations
Batch-culture fermentation vessels (300 ml volume; one vessel
per treatment group) were sterilised and ﬁlled with 135 ml of basal
nutrient medium (peptone water (2 g/l), yeast extract (2 g/l), NaCl
(0.1 g/l), K2HPO4 (0.04 g/l), KH2PO4 (0.04 g/l), NaHCO3 (2 g/l),
MgSO47H2O (0.01 g/l), CaCl26H2O (0.01 g/l), Tween 80 (2 ml/l),
hemin (50 mg/l), vitamin K (10 ll/l), L-cysteine (0.5 g/l), bile salts
(0.5 g/l), resazurin (1 mg/l) and distilled water). The pH of the basal
medium was adjusted to 7.0 and autoclaved before dispensing it to
the vessels. Medium was then gassed overnight (15 ml/min) with
O2-free N2. Before the addition of faecal slurry samples, tempera-
ture of the basal nutrient medium was set to 37 C by using a cir-
culating water-bath and the pH was maintained at 6.8, using an
Electrolab pH controller, in order to mimic conditions in the distal
region of the human large intestine (anaerobic; 37 C; pH about
6.8). Vessels were inoculated with 15 ml of faecal slurry (1:10,
w/v) and then Vitaﬂavan grape seed extract (Table 1) was added
at a ﬁnal concentration of 600 mg/l. Batch cultures were run under
anaerobic conditions for a period of 48 h, during which samples
were collected at six time points (0, 5, 10, 24, 30, and 48 h) in ster-
ile Eppendorf tubes (1.5 ml). Two different control experiments
were conducted: (a) incubations of the faecal microbiota in med-
ium, but lacking the grape seed extract, to monitor metabolites
arising from basal metabolism; (b) incubations of the grape seed
extract in medium but without faecal microbiota, to monitor
changes due to the non-microbial chemical transformation of pre-
cursor compounds of the substrate. Samples were stored at 70 C
until required for the analysis of phenolic compounds by UPLC-
PAD-ESI-TQ MS. Before injection, samples were defrosted, centri-
fuged (14926g, 20 C, 10 min) and ﬁltered through a 0.22 lm PVDF
ﬁlter (Teknokroma, Barcelona, Spain), and ﬁnally diluted (1:1, v/v)
with a mixture of water/acetonitrile (6:4, v/v).
2.4. Analysis of phenolic precursors and microbial metabolites by
UPLC-DAD-ESI-TQ MS
A UPLC system, coupled to a Acquity PDA ek photodiode array
detector (DAD) and an Acquity TQD tandem quadrupole mass spec-
trometer equipped with Z-spray electrospray interface (UPLC-
DAD-ESI-TQ MS) (Waters, Milford, MA, USA), was used. Separation
(2 ll) was performed on a Waters BEH C18 column
(2.1  100 mm; 1.7 lm) at 40 C. A gradient, composed of solvent
A-water:acetic acid (98:2, v/v) and B-acetonitrile:acetic acid
(98:2, v/v), was applied at ﬂow rate of 0.5 ml/min as follows:
Table 2
MS/MS parameters, injection range, limits of detection (LOD) and quantiﬁcation (LOQ) of the monomeric and dimeric ﬂavan-3-ols.
Name MW Rt (min) Transition (m/z) Cone (V) Collision (V) Injection range (lg/ml) LOD (lg/ml) LOQ (lg/ml)
(+)-Catechin 290 3.84 289 > 245 40 16 0.005–50 0.005 0.016
()-Epicatechin 290 5.27 289 > 245 38 14 0.005–50 0.010 0.025
()-Epicatechin-3-O-gallate 442 7.11 441 > 289 38 14 0.0025–25 0.009 0.023
B1 578 3.56 577 > 289 45 25 0.0025–25 0.004 0.009
B2 578 4.68 577 > 289 45 25 0.0025–25 0.012 0.027
C1 866 5.69 865 > 577 50 25 0.01–100 0.090 0.200
F. Sánchez-Patán et al. / Food Chemistry 131 (2012) 337–347 3390–1.5 min: 0.1% B, 1.5–11.17 min: 0.1–16.3% B, 11.17–11.5 min:
16.3–18.4% B, 11.5–14 min: 18.4% B, 14–14.1 min: 18.4–99.9% B,
14.1–15.5 min: 99.9% B, 15.5–15.6 min: 0.1% B, 15.6–18 min:
0.1% B. The DAD was operated in the 250–420 nm wavelength
range at a 20 point/s rate and 1.2 nm resolution. The ESI parame-
ters were: capillary voltage, 3 kV; source temperature, 130 C;
desolvation temperature, 400 C; desolvation gas (N2) ﬂow rate,
750 l/h; cone gas (N2) ﬂow rate, 60 l/h. The ESI was operated in
negative mode, except for c-valerolactone which was operated in
positive mode. For quantiﬁcation purposes, data were collected
in the multiple reaction monitoring (MRM) mode, tracking the
transition of parent and product ions speciﬁc for each compound,
and using external calibration curves. For microbial phenolic
metabolites, MRM transitions were those described by
Sánchez-Patán, Monagas, Moreno-Arribas, and Bartolomé (2011).
For phenolic precursors in both grape seed extract and culture
samples, the MS parameter optimisation, MRM transitions, tested
concentration range, and limits of detection and quantiﬁcation





valerolactone (191/147); 5-(phenyl)-c-valerolactone (175/147);
c-valerolactone (101/55); 4-hydroxy-5-(30,40-dihydroxyphenyl)-
valeric acid (225/163); 4-hydroxy-5-(30-hydroxyphenyl)-valeric
acid (209/147); 4-hydroxy-5-(phenyl)-valeric acid (193/175).
Quantiﬁcation of procyanidins B2 and B3 was carried out in func-
tion of the calibration curve of procyanidin B1. Procyanidins B1-
3-O-gallate, B2-3-O-gallate and B20-3-O-gallate were quantiﬁed
using the ()-epicatechin-3-O-gallate curve. Phenyl-c-valerolac-
tone derivatives were quantiﬁed as ()-epicatechin and c-valero-
lactone using its own calibration curve. 4-Hydroxy-5-(30,
40-dihydroxyphenyl)-valeric and 4-hydroxy-5-(30-hydroxy-
phenyl)-valeric acids were quantiﬁed using the calibration curves
of 3-(3,4-dihydroxyphenyl)-propionic and 3-(3-hydroxyphenyl)-
propionic acids, respectively. Table 2 shows the limit of detection
(LOD) and limit of quantiﬁcation (LOQ) of the ﬂavan-3-ol standards
used. For phenolic acids and other related phenolic compounds,
LOD and LOQ data under these analytical conditions are reported
elsewhere (Sánchez-Patán et al., 2011). LOD and LOQ for c-valero-
lactone were calculated as 0.035 and 0.100 lg/ml, respectively.
Data acquisition (and processing) was carried out using MassLynx
4.1. software.
2.5. Statistical analysis
The statistical methods used for data processing were: simple
regression to study the time-course degradation of one of the vol-
unteers, using a logarithmic-Y square root-X model (Y = ex-
p(a + b  sqrt(X)) and the STATGRAPHICS Centurion XV program
for Windows, version 15.2.00 (StatPoint Inc. 1982–2006,
www.statgraphics.com); and principal component analysis (PCA),
from standardised variables, to summarise changes in the concen-
tration of both precursor ﬂavan-3-ols and microbial phenolic
metabolites resulting from the batch culture fermentation of thegrape seed extract, with the STATISTICA program for Windows,
version 7.1 (StatSoft Inc. 1984–2006, www.statsoft.com).3. Results and discussion
3.1. Changes in precursor phenolic compounds during faecal
fermentation of the grape seed extract
Phenolic composition of the grape seed extract used in this
study is summarised in Table 1. It was mainly composed of ﬂa-
van-3-ols, including: non-galloylated monomers (+)-catechin and
()-epicatechin (42.2%), ()-epigallocatechin gallate (7.8%), non-
galloylated dimeric procyanidins B1, B2, B3, B4 (42.1%), galloylated
dimeric procyanidins B2-3-O-gallate and B2-30-O-gallate (1.0%),
and trimeric procyanidins C1 and T2 (4.1%). Non-ﬂavonoid com-
pounds, such as gallic acid, accounted for 2.7% of total individual
phenolic compounds quantiﬁed.
In order to follow progress of the in vitro fermentations of the
grape seed extract with faecal microbiota, both precursor phenolic
compounds and microbial phenolic metabolites were targetted
during the time course of different experiments. Changes in the ﬂa-
van-3-ol proﬁle originally present in the grape seed extract refer to
ﬂavan-3-ols monomers ((+)-catechin, ()-epicatechin and ()-epi-
gallocatechin gallate) (Fig. 1), dimeric procyanidins (B1, B2, B3, B4,
B2-3-O-gallate and B2-30-O-gallate), and trimeric procyanidins (C1
and T2) (Fig. 2). During the fermentations, a progressive decline in
the concentration of ﬂavan-3-ols was observed, showing very large
interindividual variation amongst volunteers. For non-galloylated
monomers, (+)-catechin and ()-epicatechin, volunteers 2 and 3
(V2 and V3) showed faster degradation rates than did volunteer
1 (V1), showing almost complete degradation (92%) of these sub-
strates during the ﬁrst 10 h of fermentation whereas, for V1, this
was attained at 24 h (Fig. 1A and B). The slower degradation rate
of V1 was also observed in the case of non-galloylated dimers B1,
B2 and B3 and trimers C1 and T2, independently of the structural
conformation (Fig. 2A–D,G and H). However, similarity in the
monomeric ﬂavan-3-ol proﬁle observed for V2 and V3 was not
seen for these compounds, in particular at 5 h of fermentation,
the time at which V3 showed an unexpected increase in the level
of each of these dimeric and trimeric precursors. A marked increase
was also observed for procyanidin B4 for the three volunteers (V1
at 10 h, and V2 and V3 at 5 h). Transient increases in the concentra-
tions of trimeric and tetrameric procyanidins, during batch culture
fermentations have also been described in previous studies per-
formed with a cocoa ﬂavan-3-ol extract (Tzounis et al., 2011). De-
spite these ﬁndings, procyanidins were practically completely
degraded by 10 h of fermentation, as observed for monomers.
Regarding galloylated ﬂavan-3-ols, changes were observed in
the degradation proﬁle of volunteers in comparison to non-galloy-
lated ﬂavan-3-ols. For example, V1, who showed the lowest rate of
degradation of non-galloylated ﬂavan-3-ols, presented a fast deg-
radation of both monomeric (()-epicatechin-3-O-gallate) and di-
meric (B2-3-O-gallate and B2-30-O-gallate) galloylated forms, and
comparable to that observed for V2, whereas V3 was a rather slow

























































































Fig. 1. Changes in monomeric ﬂavan-3-ols during faecal fermentation of the grape
seed extract. (A) (+)-catechin; (B) ()-epicatechin; and (C) ()-epicatechin-3-O-
gallate.
340 F. Sánchez-Patán et al. / Food Chemistry 131 (2012) 337–347possible variations in the metabolic activity of the microbiota, par-
ticularly in esterase activity (i.e. tannase), amongst volunteers. This
microbiota activity has been reported to occur during in vitro batch
fermentations of green tea galloylated ﬂavan-3-ols (Kohri et al.,
2003; Meselhy et al., 1997; Roowi et al., 2010; Takagaki & Nanjo,
2010).
In summary, amongst the three volunteers, V2 was the only one
who appeared to be a good biotransformer of both galloylated non-galloylated ﬂavan-3-ols. In the case of monomers, the time-course
degradation of this volunteer was satisfactorily adjusted to a loga-





(with R2 = 0.937 and standard error of the esti-





R2 = 0.971 and standard error of the estimate = 0.607436);





R2 = 0.902 and standard error of the estimate = 1.1706). Taking into
consideration that the constant term of the equation (1.08 for (+)-
catechin, 1.26 for ()-epicatechin and 1.57 for ()-epicatechin-3-
O-gallate) is indicative of the rate of degradation, it seems that, for
V2, (+)-catechin is degraded slightly slower thanare ()-epicatechin
and its gallic acid ester, but there was no apparent inﬂuence of gal-
loylation on the rate of degradation of monomeric ﬂavan-3-ols.
3.2. Changes in microbial phenolic metabolites during faecal
fermentation of the grape seed extract
The catabolic pathway of ﬂavan-3-ols, which is still under
elucidation, is very complex, involving numerous reactions
(hydrolysis, hydrogenation, a- and b-oxidation, dehydroxylation,
demethoxylation, decarboxylation) that result in the formation of
a wide range of phenolic and aromatic catabolites, many of which
may not yet have been identiﬁed. In total, 47 potential phenolic
metabolites, including hydroxyphenylpropionic, hydroxyphenyl-
acetic, hydroxycinnamic, hydroxybenzoic and hydroxymandelic
acids, as well as simple phenols, were targetted by UPLC-DAD-
ESI-TQ MS during the time course of batch fermentations, as de-
scribed by Sánchez-Patán et al. (2011). In addition, characteristic
metabolites exclusively derived from the catabolism of ﬂavan-3-
ols such as diphenylpropan-2-ol, phenyl-c-valerolactones and
phenylvaleric acid derivatives, were also screened. From all target-
ted metabolites, methoxylated metabolites, including 3-O- and 4-
O-methyl gallic acids, 4-hydroxy-3-methoxy-phenylacetic acid,
syringic, vanillic and ferulic acids, as well as other phenolic acids,
such as p-coumaric, caffeic and protocatechuic acids, were only de-
tected at trace levels that were below the limits of quantiﬁcation of
our method (Sánchez-Patán et al., 2011).
3.3. Phenyl-c-valerolactone and 4-hydroxy-5-(phenyl)-valeric acid
derivatives
The ﬁrst steps in the microbial degradation of ﬂavan-3-ols in-
volve reductive cleavage of the heterocyclic C-ring, resulting in
the formation of diphenylpropan-2-ols which, by further break-
down of the A-ring and lactonisation, results in phenylvalerolac-
tone derivatives (Groenewoud & Hundt, 1986; Meselhy et al.,
1997). As an intermediate metabolite, 1-(30,40-dihydroxyphenyl)-
3-(200,400,600-trihydroxyphenyl)-propan-2-ol was only detected at
trace levels at 10 h of fermentation (data not shown). However,
the formation of 5-(30,40-dihydroxyphenyl)-c-valerolactone was
clearly detected and started to be registered between 0 and 5 h
of fermentation, reaching a maximum concentration at 10 h
(Fig. 3A), a time period which coincided with an almost total disap-
pearance of precursor ﬂavan-3-ols (Figs. 1 and 2). Results from
in vitro studies have shown that the time at which the maximum
formation of 5-(30,40-dihydroxyphenyl)-c-valerolactone occurs
(Tmax) is largely variable and could also be affected by the ﬂavan-
3-ol structure of the precursor compound and type of microbiota
used (i.e. human or animal). Using human microbiota, Stoupi
et al. (2010) found that the maximum concentration of 5-(30,40-
dihydroxyphenyl)-c-valerolactone occurred at 12 h during the
in vitro fermentation of procyanidin B2, although it was detected
much later (24 h) in the case of ()-epicatechin. For ()-epicate-
chin-3-O-gallate, the maximum production of this metabolite also



















































































































































































































Fig. 2. Changes in dimeric and trimeric procyanidins during faecal fermentation of the grape seed extract. (A) B1; (B) B2; (C) B3; (D) B4; (E) B2-3-O-gallate;
(F) B2-30-O-gallate; (G) C1; and (H) T2.
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Fig. 3. Changes in phenyl-c-valerolactone and 4-hydroxy-5-(phenyl)-valeric acid derivatives during faecal fermentation of the grape seed extract. (A) 5-(30 ,40-
Dihydroxyphenyl)-c-valerolactone; (B) 4-hydroxy-5-(30 ,40-dihydroxyphenyl)-valeric acid; (C) 5-(30-hydroxyphenyl)-c-valerolactone; (D) 4-hydroxy-5-(30-hydroxyphenyl)-
valeric acid; (E) c-valerolactone; (F) 4-hydroxy-5-(phenyl)-valeric acid.
342 F. Sánchez-Patán et al. / Food Chemistry 131 (2012) 337–347reported that the Tmax of 5-(30,40-dihydroxyphenyl)-c-valerolac-
tone varied from 8–24 h during the in vitro fermentation for green
tea catechins [()-epicatechin, ()-epigallocatechin, or ()-epigal-
locatechin-3-O-gallate] (Roowi et al., 2010). Using rat faecal
microbiota, only the 30,50-dihydroxylated form (i.e. 5-(30,50-dihy-
droxyphenyl)-c-valerolactone) was detected and found as a minor
product, reaching Tmax at 69 h of fermentation (Takagaki & Nanjo,
2010).
Large inter-individual variations were again observed amongst
volunteers but coincidingwith the fact that V1, the slower biotrans-
former of ﬂavan-3-ols, also presented the lowest accumulation of 5-
(30,40-dihydroxyphenyl)-c-valerolactone. On the other hand, V3,
who exhibited a transient increase at 5 h in the level of dimeric
and trimeric procyanidins (Fig. 2), also produced the highest levelof this metabolite. In vivo studies have also reported large inter-
individual variation in the urinary excretion of this metabolite after
ingestion of tea (Li et al., 2000; Meng et al., 2002) and almond skin
(Garrido et al., 2010; Llorach et al., 2010) polyphenols.
The presence of 4-hydroxy-5-(30,40-dihydroxyphenyl)-valeric
acid, the open form of 5-(30,40-dihydroxyphenyl)-c-valerolactone,
was also detected, and gave a very similar proﬁle to that of the
5-(30,40-dihydroxyphenyl)-c-valerolactone (Fig. 3B). It has been
proposed that these compounds could arise from the degradation
of diphenylpropan-2-ols, concurrently with the phenylvalerolac-
tone form (Kohri et al., 2003). Recently, other authors have
proposed that an interconversion between both forms
(5-(30,40-dihydroxyphenyl)-c-valerolactone and 4-hydroxy-5-
(30,40-dihydroxyphenyl)-valeric acid) may also exist, but being
F. Sánchez-Patán et al. / Food Chemistry 131 (2012) 337–347 343largely displaced towards the formation of 4-hydroxy-5-(30,40-
dihydroxyphenyl)-valeric acid (Stoupi et al., 2010). Metabolomic
studies, carried out with human urine samples after the intake of
a ﬂavan-3-ol-rich extract from almond skins, also suggested that
formation of these metabolites was largely interrelated (Llorach
et al., 2010). Although this interconversion has still not been dem-
onstrated to occur in vivo, recent studies have reported that the pH
of the extraction medium promotes chemical interconversion
between both forms (Takagaki & Nanjo, 2010).
Due to large inter-individual differences observed amongst vol-
unteers, it was difﬁcult to establish the correct sequence of forma-
tion of 4-hydroxy-5-(30,40-dihydroxyphenyl)-valeric acid. On the
one hand, the similarity in proﬁle to 5-(30,40-dihydroxyphenyl)-c-
valerolactone observed for V1 and V2 suggests that 4-hydroxy-5-
(30,40-dihydroxyphenyl)-valeric acid could be formed, together
with the former metabolite. However, on the other hand, the pro-
ﬁle presented by V3, showing a further accumulation up to 24 h,
suggests that the second pathway, involving interconversion could
also occur. In fact, three different pathways have been recently
proposed for the catabolism of ()-epigallocatechin-3-O-gallate
by rat intestinal microﬂora (Takagaki & Nanjo, 2010). Considering
these facts, large differences in the occurrence (as well as the Tmax)
of 4-hydroxy-5-(30,40-dihydroxyphenyl)-valeric acid have been re-
ported, varying with the structure of the ﬂavan-3-ol precursor and
type of microbiota, as in the case of 5-(30,40-dihydroxyphenyl)-c-
valerolactone (Stoupi et al., 2010; Takagaki & Nanjo, 2010).
Dehydroxylation reactions, which preferentially take place at
position C-40, occurred during a later phase of the ﬂavan-3-ol
catabolism, leading to the formation 5-(30-hydroxyphenyl)-c-val-
erolactone and 4-hydroxy-5-(30-hydroxyphenyl)-valeric acid
(Fig. 3C and D, respectively). The trends of these two metabolites
were very similar for each volunteer, showing a progressive in-
crease up to 48 h of fermentation in the case of V1, and up to
30 h in the case of V3. However, for V2, the formation of both
metabolites occurred earlier (up to 24 h) and markedly decreased
afterwards. It is important to note change in the formation extent
of these later metabolites, shown by each volunteer, in compari-
son to that of 5-(30,40-dihydroxyphenyl)-c-valerolactone: V3 now
showed a lower/similar formation rate than did V1, indicating
possible differences in the metabolic activity (i.e. dehydroxylases)
of the microbiota amongst volunteers. In any case, these trends
indicate that dehydroxylation reactions certainly occur after the
formation of 5-(30,40-dihydroxyphenyl)-c-valerolactone and 4-hy-
droxy-5-(30,40-dihydroxyphenyl)-valeric acid, and not from the
ﬂavan-3-ol compounds originally present in grape seed extract.
This was further conﬁrmed by the proﬁle observed for 4-hydro-
xy-5-(phenyl)-valeric acid (Fig. 3G), which showed a much
slower accumulation during the time-course of fermentation in
the case of the three volunteers. However, the corresponding
non-hydroxylated derivative of the lactone form, 5-(phenyl)-c-
valerolactone (Fig. 3F), was not detected. Instead, of particular
interest, was the detection of the simple c-valerolactone metab-
olite, which tended to accumulate in the last phases of microbial
fermentation up to 24 h (for V1 and V3) or in keeping with the
proﬁle observed for 5-(30,40-dihydroxyphenyl)-c-valerolactone
(for V2), indicating that the breakdown of the phenyl moiety
may also occur as a consequence of microbial catabolism. As
far as we are aware, this is the ﬁrst time that c-valerolactone
is being reported as a microbial metabolite derived from the
catabolism of ﬂavan-3-ols.
3.4. Phenylpropionic and phenylacetic acid derivatives
Parallel to the previous interconversion and dehydroxylation
reactions, b-oxidations of phenylvaleric acid derivatives are con-
sidered to occur, resulting in phenylpropionic acid derivatives.During the in vitro fermentation of the grape seed extract, 3-
(3,4-dihydroxyphenyl)-propionic acid, which has been reported
as one of the most abundant ﬁnal microbial metabolites derived
from the catabolism of ﬂavan-3-ols, both in vivo and in vitro
(Gonthier et al., 2003a; Rios et al., 2003; Ward et al., 2004),
was detected (Fig. 4A). This metabolite showed a rapid increase
from 0 to 5 h of fermentation, reaching a peak level at 10 h
and markedly declining at 24 h (in the case of V2 and V3),
whereas V1 again showed a more discrete evolution trend. In
contrast to our results, Stoupi et al. (2010) reported that the for-
mation of 3-(3,4-dihydroxyphenyl)-propionic acid started to be
registered much later (12 and 24 h of the fermentation in the
case ()-epicatechin and procyanidin B2, respectively). It is of
note that the proﬁle observed was similar to that of 5-(30,40-dihy-
droxyphenyl)-c-valerolactone, indicating the possible coexistence
of different catabolic pathways leading to formation of this
metabolite, as proposed by Appeldoorn et al. (2009). Neverthe-
less, some limitations of the batch culture models should also
be considered when evaluating metabolite proﬁles, and in partic-
ular the fact that metabolites accumulated during fermentation
whereas, in the in vivo case, they are concurrently being pro-
duced and absorbed from the colonocytes. On the other hand,
it is also of note that metabolomic studies, carried out with urine
collected after the intake of ﬂavan-3-ol-rich extracts by humans,
revealed that the contribution of 3-(30,40-dihydroxyphenyl)-propi-
onic acid to urinary metabolome could occur very early (0–5 h
after the intake) for its glucuronide conjugates, but later (10–
24 h) for its sulphate conjugates (Llorach et al., 2010).
Dehydroxylation of 3-(3,4-dihydroxyphenyl)-propionic acid
into 3-(3-hydroxyphenyl)-phenylpropionic acid further occurred
during the time course of fermentation, leading to a marked in-
crease in concentration of this metabolite from 10 to 24 h
(Fig. 4C). It is of note that the evolution trends of 3-(3-hydroxy-
phenyl)-propionic acid, observed for each volunteer, were very
similar to those of their corresponding phenyl-c-valerolactone
derivatives, suggesting once again a high dehydroxylation activity
for the microbiota of V1 and V2, in comparison to that of V3. Some
other metabolites resulted from dehydroxylation reactions; in par-
ticular 3-(4-hydroxyphenyl)-propionic acid and phenylpropionic
acid (non-hydroxylated form) (Fig. 4E and G), were also found to
be formed during the fermentation of the basal medium (data
not shown), as has been found in previous in vitro experiments
(Gross et al., 2010). These metabolites have been reported to be
intermediate products of the metabolic pathway of phenylalanine
(Curtius, Mettler, & Ettlinger, 1976).
Another important series of microbial metabolites involves
phenylacetic acid derivatives. These metabolites are considered
to arise from the a-oxidation of phenylpropionic acid derivatives
(Meselhy et al., 1997; Stoupi et al., 2010), although an alternative
pathway supports the idea that they could exclusively arise from
the microbial cleavage of the top unit of dimeric procyanidins
(Appeldoorn et al., 2009). The evolutionary trend of 3,4-dihy-
droxyphenylacetic acid was near to that of 3-(3,4-dihydroxy-
phenyl)-propionic acid, suggesting, once again, concurrent
formation rather than posterior (Fig. 4B). Previous in vitro studies
have shown that the evolution trend of 3,4-dihydroxyphenylace-
tic acid largely varies, depending on the original substrate to be
fermented, green or black tea (Gao et al., 2006). Dehydroxylation
at C-4 leads to the production of 3-hydroxyphenylacetic acid,
which showed an increase from 10 to 24 h of fermentation, par-
ticularly in V2 (Fig. 4D). On the other hand, the product resulting
from the dehydroxylation at C-3 (4-hydroxyphenylacetic acid)
(Fig. 4F) was shown to be largely formed from the fermentation
of basal medium. Similar to this was the case of phenylacetic acid
(Fig. 4H) (Gross et al., 2010). Both metabolites have been re-
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Fig. 4. Changes in phenylpropionic and phenylacetic acid derivatives during faecal fermentation of the grape seed extract. (A) 3-(3,4-Dihydroxyphenyl)-propionic acid; (B)
3,4-dihydroxyphenylacetic acid; (C) 3-(3-hydroxyphenyl)-propionic acid; (D) 3-hydroxyphenylacetic acid; (E) 3-(4-hydroxyphenyl)-propionic acid; (F) 4-hydroxyphenyl-
acetic acid; (G) phenylpropionic acid; (H) phenylacetic acid.
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F. Sánchez-Patán et al. / Food Chemistry 131 (2012) 337–347 345such as tyrosine and phenylalanine, respectively (Curtius et al.,
1976).
3.5. Benzoic acid derivatives and other metabolites
Finally, benzoic acid derivatives are amongst the end-products
of the microbial catabolism of ﬂavan-3-ols. They usually arise from
the b-oxidation of phenylpropionic acid derivatives. However, in
the presence of galloylated ﬂavan-3-ols, as is the case of grape seed
extract, microbial esterase activity results in the formation of gallic
acid during the initial phases of fermentation, as could be observed
from its rapid increase in concentration from 0 to 5 h (Fig. 5A),
which is consistent with a sharp decline observed in monomeric
and dimeric galloylated ﬂavan-3-ols during the same period of
time (Figs. 1 and 2). This proﬁle is in agreement with that observed
after the in vitro fermentation of black tea and green tea catechins


















































































Fig. 5. Changes in benzoic acid derivatives and other metabolites during faecal fermen
hydroxymandelic acid; (D) 4-hydroxybenzoic acid; (E) benzoic acid.decarboxylation into pyrogallol was not detected in our study. In-
stead, catechol/pyrocatechol was detected from 10 h of fermenta-
tion on, progressively increasing up to 30 h in the case of V1 and
V3, and up to 48 h for V2 (Fig. 5B).
Other metabolites, including 4-hydroxybenzoic and benzoic
acids were also detected during time-course of fermentation
(Fig. 5D and E, respectively). The origin of 4-hydroxybenzoic acid
seems to be more in line with its corresponding phenylpropionic
acid derivative (Fig. 4E). On the other hand, benzoic acid showed
a non-uniform tendency during fermentation, but its formation
was partly aroused from the fermentation of the basal medium
(data not shown). 4-Hydroxybenzoic and benzoic acids are impor-
tant precursors of the hepatic metabolites 4-hydroxyhippuric and
hippuric acids, respectively, which are amongst the most abundant
end-products of the metabolism of ﬂavan-3-ols.
Another metabolite which deserves consideration is 4-hydroxy-



























































tation of the grape seed extract. (A) Gallic acid; (B) catechol/pyrocatechol; (C) 4-
346 F. Sánchez-Patán et al. / Food Chemistry 131 (2012) 337–347from non-phenolic sources, such as tyramine and similar biogenic
amines (Scheline, 1991), we did not detect any formation of 4-
hydroxymandelic acid after incubations carried out with the med-
ium lacking the grape seed extract (data not shown), indicating
that it arose from the microbial degradation of the grape seed
ﬂavan-3-ols. Recently, this metabolite has also been detected in
human urine after the intake of red wine/red juice polyphenols
(van Dorsten et al., 2009), although its origin was not clearly attrib-
uted to polyphenols.3.6. Integrated summary of changes detected in the phenolic proﬁle
during faecal fermentation of the grape seed extract
A principal component analysis (PCA) was performed in order
to summarise changes in the concentrations of both precursor ﬂa-
van-3-ols and microbial phenolic metabolites resulting from the
batch culture fermentation of the grape seed extract. Two principal
components (PC1 and PC2), which explained 66.2% of the total var-
iance of the data, were obtained. To show the changes over time,
scores of the samples in the different time periods (0, 5, 10, 24,
30 and 48 h) for the 3 volunteers were plotted in the plane deﬁned
by the ﬁrst two principal components (Fig. 6).
The ﬁrst principal component (PC1), explaining 54.8% of the to-
tal variance, was negatively correlated (loadings 60.7) with pre-
cursor ﬂavan-3-ols: (+)-catechin, ()-epicatechin, procyanidins B1,
B2, B3 and B4, ()-epicatechin-3-O-gallate, B2-3-O-gallate, B2-30-
O-gallate, and procyanidins C1 and T2. On the other hand, it was
positively correlated (loadings P0.7) with the following microbial
phenolic metabolites: catechol/pyrocatechol, 5-(30-hydroxy-
phenyl)-c-valerolactone, 4-hydroxy-5-(phenyl)-valeric acid, 3-(3-
hydroxyphenyl)-propionic acid, phenylpropionic acid, 4-hydroxy-
phenylacetic acid and phenylacetic acid. Finally, the second
principal component (PC2), explaining 11.4% of the total variance,
was negatively correlated with 5-(30,40-dihydroxyphenyl)-c-
valerolactone.
Changes observed in PC1 values during ﬁrst 10 h of fermentation
were explained by precursor ﬂavan-3-ols (negatively correlated
with PC1), whereas those occurring from 10 to 48 h were explained
bymicrobial phenolic metabolites (positive correlatedwith PC1). In
other words, PC1 reﬂected overall changes (decrease in precursor
compounds and increase in microbial phenolic metabolites) occur-
ring during the time-course of themicrobial catabolism of the grape
seed extract. In the case of PC2, negative values increased duringFig. 6. Representation of the samples in the plane deﬁned by the ﬁrst two principal
components (PC1 and PC2) resulting from a PCA of both precursor ﬂavan-3-ols and
microbial-derived phenolic metabolites for three volunteers (V1, V2, V3) at
different incubation times (0, 5, 10, 24, 30 and 48 h).the ﬁrst 10 h of fermentation, indicating an increase in the concen-
tration of 5-(30,40-dihydroxyphenyl)-c-valerolactone, which was
the only compound negatively correlated with this component. As
fermentation time progressed from 10 to 48 h, values in PC2 be-
came positive and were indicative of the decrease observed in this
metabolite during the latter phases of fermentation. It is of note
that this component reﬂected a marked inter-individual variation
in microbial catabolism of the grape seed extract, suggesting that
formation of 5-(30,40-dihydroxyphenyl)-c-valerolactone, as an
intermediate metabolite, could be a critical step in the rate and ex-
tent of ﬂavan-3-ol catabolism and, therefore, in delimiting the
absorption and further bioactivity of these compounds. Our ﬁnd-
ings reinforce the idea that 5-(30,40-dihydroxyphenyl)-c-valerolac-
tone could be a potential biomarker of ﬂavan-3-ols intake, as
suggested from previous metabolomic studies (Llorach et al.,
2010). However, as far as we are aware, there are still no reports
of bacteria with the ability to form 5-(30,40-dihydroxyphenyl)-c-
valerolactone from the catabolism of ﬂavan-3-ols. The human bac-
terium Eubacterium sp. SDG-2 was able to open the ring of the 3R
[()-catechin and ()-epicatechin] and the 3S [(+)-catechin and
(+)-epicatechin] forms of monomeric ﬂavan-3-ols into 1,3-diphe-
nylpropan-2-ols, but was incapable of producing the same in their
galloylated esters (Wang et al., 2001). However, this bacterium
was unable to continue the catabolism up to the formation of 5-
(30,40-dihydroxyphenyl)-c-valerolactone (Wang et al., 2001).
Apparently, structural features, including stereochemistry, as well
as the intrinsic antimicrobial properties of ﬂavan-3-ols, could have
been a limitation in the progress of the identiﬁcation of ﬂavan-3-ol-
metabolizing bacteria, which could be crucial in the activation of
the microbial catabolism of ﬂavan-3-ols (Monagas et al., 2010).4. Concluding remarks
The approach of targeting both changes in precursor ﬂavan-3-ols
and microbial phenolic metabolites during faecal fermentation of
the grape seed extract, followed by the application of multivariate
statistical analysis, provided an overall picture of distinct phases
of the microbial degradation of ﬂavan-3-ols and helped to explain
inter-individual variations in microbial catabolism amongst volun-
teers. The ﬁrst phase (0–10 h) was mainly characterised by the for-
mation of the dihydroxylated forms of 5-(phenyl)-c-valerolactone
and 4-hydroxy-5-(phenyl)-valeric acid derivatives and coincided
with practically the total consumption of ﬂavan-3-ol precursors by
the faecal microbiota. Accumulation of the dihydroxylated forms
of phenylpropionic and phenylacetic acids also occurred during this
period. Final phases (10–48 h) involved dehydroxylation reactions
ofmetabolites formed in early phases into theirmono-hydroxylated
forms, non-hydroxylated forms, and even non-phenolic forms. Our
results suggest that, although the end-products of the microbial
catabolism of ﬂavan-3-ols are similar to those of other ﬂavonoids,
the formation of intermediate characteristic metabolites, such as
5-(30,40-dihydroxyphenyl)-c-valerolactone, should be considered a
key step in delimiting the rate and extent of ﬂavan-3-ol bioavailabil-
ity and potential bioactivity.
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Resumen: 
Se llevaron a cabo fermentaciones in vitro de dos fracciones purificadas de un 
extracto de pepita de uva (GSE) con diferente composición en flavan-3-oles, GSE-M 
(70% monómeros y 28% dímeros) y GSE-O (21% monómeros y 76% dímeros), con 
microbiota fecal humana. A lo largo de la fermentación ambas fracciones promovieron 
el crecimiento del grupo de los Lactobacillus/Enterococcus y disminuyeron el de 
Clostridium histolyticum, sin embargo, estos efectos sólo resultaron estadísticamente 
significativos con GSE-M para los Lactobacillus/Enterococcus (a las 5 y 10 h de 
fermentación) y con GSE-O para C. histolyticum (a las 10 h de fermentación). La 
diferente composición en flavan-3-oles de las fracciones parecía influir en la velocidad 
y el grado de degradación de los flavan-3-oles precursores (flavan-3-oles monoméricos, 
procianidinas diméricas y triméricas, y monómeros y dímeros galoilados), así como en 
la formación de los metabolitos microbianos (fenil-γ-valerolactonas y ácidos 
fenilvaléricos, y ácidos fenilacético, fenilpropiónico y benzoico), sin embargo, no se 
encontraron diferencias significativas entre ambas fracciones para la mayoría de los 
compuestos. Los cambios más importantes en el catabolismo de los polifenoles 
también tuvieron lugar durante las primeras 10 h de fermentación, sin embargo, no se 
encontró una correlación estadística entre los cambios en las poblaciones microbianas 
y los cambios en los flavan-3-oles precursores o los metabolitos microbianos. En 
conjunto, estos hallazgos sugieren que el perfil de flavan-3-oles de un determinado 
alimento podría afectar a la composición de la microbiota y a su actividad catabólica, 
induciendo cambios positivos en ciertos grupos de bacterias, así como en la formación 
de metabolitos, que a su vez podrían afectar a la biodisponibilidad y potencial 
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Two purified fractions of grape seed extract (GSE) with different flavan-3-ol 3 
compositions, GSE-M (70% monomers and 28% dimers) and GSE-O (21% monomers 4 
and 76 % dimers), were submitted to in vitro batch culture fermentations with human 5 
faecal microbiota. Both GSE-M and GSE-O fractions promoted growth of 6 
Lactobacillus/Enterococcus and decreases in the C. histolyticum group during 7 
fermentation, although the effects were only statistically significant with GSE-M for 8 
Lactobacillus/Enterococcus (at 5 and 10 h of fermentation) and GSE-O for C. 9 
histolyticum (at 10 h of fermentation). The rate and extension of the degradation of 10 
precursor flavan-3-ols (monomeric flavan-3-ols, dimeric and trimeric procyanidins, and 11 
galloylated monomers and dimers) as well as the formation of microbial metabolites 12 
(phenyl-γ-valerolactones and phenylvaleric, phenylacetic, phenylpropionic and benzoic 13 
acids) tended to be affected by the flavan-3-ol profile of the fractions, although 14 
differences were not significant between both fractions for most of the compounds. Main 15 
changes in polyphenol catabolism also occurred during the first 10 h of fermentation, 16 
however no statistical correlation was found between changes in microbial populations 17 
and precursor flavan-3-ol or microbial metabolites. Overall, these findings suggest that 18 
the flavan-3-ol profile of a particular food source could affect the microbiota composition 19 
and its catabolic activity, inducing potentially positive changes in certain bacterial 20 
groups, as well as in the formation of metabolites, that could in turn affect the 21 
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Polyphenols are plant derived secondary metabolites abundantly present in foods 3 
such as fruits, tea, coffee, wine, chocolate and, to a lesser extent, in some vegetables, 4 
cereals and legume seeds. Polyphenol consumption has been associated with beneficial 5 
protective effects against cardiovascular disease, cancer, and gut health [1].  6 
 7 
Flavan-3-ol monomers, as well as oligomeric and polymers forms (also known as 8 
condensed tannins or proanthocyanidins) are among the most abundant dietary 9 
polyphenols. In vivo health effects of flavan-3-ols may be limited because of their 10 
recognition as xenobiotics, which limit bioavailability. Besides, flavan-3-ol chemical 11 
structure features such as the degree of polymerisation affects bioavailability: monomeric 12 
flavan-3-ols are readily absorbed in the small intestine whereas oligomeric and polymeric 13 
forms reach the colon where can be transformed by the resident microbiota into 14 
metabolites that could be even more bioactive than their precursors [2] . In last few years, 15 
microbe-derived phenolic metabolites have been reported to exert beneficial health effects 16 
such as antioxidant activities [3], anti-proliferative actions and cytotoxicity [4], anti-17 
inflammatory effects [5],  and anti-thrombotic activities [6], as well as effects on the 18 
intestinal microbiota [7].  19 
 20 
There are few studies investigating the effect of flavan-3-ols on the composition and 21 
activity of the human gut microbiota [8]. In vitro fermentation studies with faecal 22 
microbiota, have revealed that (+)-catechin and tea (epi)gallocatechins were able to inhibit 23 
bacteria groups capable of exerting harmful or pathogenic effects (e.g. Clostridium 24 
perfringens, Clostridium difficile, Clostridium histolyticum, Bacteroides spp.) without 25 
significantly affecting, or even moderately encouraging, the growth of potentially 26 
beneficial bacteria (Clostridium coccoides-Eubacterium rectale, Bifidobacterium spp., 27 
Lactobacillus spp. and Escherichia coli) [7, 9]. At the in vivo level, administration of 28 
different tea polyphenols preparations has revealed significant decreases in faecal counts 29 
for Clostridium perfringens and other putrefactive bacteria groups but increases in the 30 
counts of Bifidobacterium spp., as well as increases in organic acids which can reduce 31 
faecal pH [10]. Another intervention study showed that administration of grape seed 32 
proanthocyanidin-rich extracts induced a reduction in levels of putrefactive products in the 33 
intestine, which may be linked to a slight increase in the number of Bifidobacterium and 34 
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decrease in Enterobacteriaceae [11]. A recent intervention study comparing the effects 1 
between consumption of high- and low-cocoa flavan-3-ol diets, has also shown significant 2 
increases in faecal bifidobacterial and lactobacilli populations but decreases in clostridia 3 
counts, with parallel reductions in plasma triacylglycerol and C-reactive protein [12]. All 4 
these data suggest that dietary flavan-3-ols may modulate gut bacterial populations, 5 
contributing to the improvement of host health.  6 
 7 
Within this increasing interest to examine the health effects derived from the 8 
interaction between phenolic compounds and the human intestinal microbiota, we have 9 
assessed the potential of two grape seed flavan-3-ol fractions to influence the growth of 10 
bacterial groups in a pH-controlled, stirred, batch-culture fermentation system that is 11 
reflective of the environmental conditions located in the distal region of the human large 12 
intestine. In addition, disappearance of grape seed polyphenols and formation of microbe-13 
derived metabolites were monitored alongside the fermentations in an attempt to relate the 14 
changes in microbial groups to the presence of phenolic metabolites.  15 
 16 
 17 




Standards of phenolic compounds were purchased from Sigma-Aldrich Chemical 22 
Co (St. Loius, MO), Phytolab (Vestenbergsgreuth, Germany) or Extrasynthèse (Genay, 23 
France). Unless otherwise stated, general chemicals and reagents were obtained from 24 
Sigma-Aldrich Co. Ltd (Poole, Dorset, UK) or Fisher (Loughborough, Leics, UK). 25 
Bacteriological growth media supplements were obtained from Oxoid Ltd (Basingstoke, 26 
Hants, UK). Raftilose P95 fructo-oligosaccharides were purchased from Orafti (Tienen, 27 
Belgium). All the oligonucleotide probes used for fluorescent in situ hybridisation (FISH) 28 
were commercially synthesised and labelled with the fluorescent dye Cy3 by MWG-29 
Biotech Ltd (Milton Keynes, Bucks, UK). Sterilisation of media and instruments was 30 






Flavan-3-ol fractions 1 
 2 
Two flavan-3-ols preparations were kindly provided by Dr. Piriou (Les Dérives 3 
Resiniques & Terpéniques, S.A., France). They were purified from the Vitaflavan® 4 
extract obtained from grape seeds (Les Dérives Resiniques & Terpéniques, S.A., France).  5 
 6 
Faecal batch-culture fermentation 7 
 8 
Three independent fermentation experiments were carried out using faeces from 9 
different healthy volunteers, who had not ingested antibiotics for at least 6 months before 10 
the study. The protocol described by Tzounis et al. [9] was used for faecal fermentations. 11 
Briefly, 300-mL glass fermentation vessels were filled with 135 mL of pre-reduced sterile 12 
medium. The medium was adjusted to pH 7.0 and continuously sparged with O2-free N2 13 
overnight. The pH was maintained at 6.8 and the temperature at 37ºC in order to mimic 14 
conditions located in the distal region of the human large intestine. Vessels were inoculated 15 
with of 15 mL faecal slurry (10% (w/v). Then, GSE-M and GSE-O were added to separate 16 
stirring batch-culture vessels containing faecal slurry at the final concentration of 600 17 
mg/L. Batch cultures were ran under anaerobic conditions for a period of 48 h during 18 
which samples were collected at six time points (0, 5, 10, 24, 30, and 48 h) for FISH and 19 
phenolic analyses. For this later analysis, samples were stored at -70ºC until required.  20 
 21 
Incubations of the faecal slurry with a known prebiotic compound (Raftilose P95, 1% 22 
w/v) as positive control, and without any addition (negative control) were carried out for 23 
each fermentation experiment. Also, incubations of GSE-M and GSE-O without faecal 24 
slurry inoculation (blanks) were run under the same conditions. 25 
 26 
Bacterial enumeration using FISH 27 
 28 
To assess differences in bacterial populations, FISH analysis was carried out using 29 
oligonucleotide probes designed to target specific diagnostic regions of 16S ribosomal 30 
RNA. The probes were commercially synthesised and labelled with the fluorescent dye 31 
Cy3. The bacterial groups studied were Bifidobacterium spp., Lactobacillus/Enterococcus 32 
spp., Clostridium histolyticum group, Bacteroides spp., and members of the domain 33 
Bacteria using the probes Bif164 [13], Lab158 [14], Chis150 [15], Bac303 [13] and 34 
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EUBmix [16], respectively. For total bacterial counts, 4,6-diamidino-2-phenylindole 1 
nucleic acid stain was applied. Samples fixed in 4% (v/v) paraformaldehyde overnight at 2 
4ºC were then centrifuged at 1500 g for 5 min, washed twice with PBS (0·1 M; pH 7·0), re-3 
suspended in a mixture of PBS–99% ethanol (1:1, v/v) and stored at -20ºC for 1 h. For the 4 
hybridizations, 20 μL of each sample was pipetted onto Teflon- and poly-L-lysine-coated, 5 
six-well slides (Tekdon Inc., Myakka City, FL). Samples were dried onto the slides at 46 6 
ºC-50ºC for 15 min and afterwards dehydrated in an alcohol series (50%, 80% and 96%). 7 
The ethanol was allowed to evaporate from the slides before the probes were applied to the 8 
samples. To permeabilize the cells for use with probes Bif164 and Lab158, samples were 9 
treated with 20 μL of lysozyme at room temperature for 15 min before being washed 10 
briefly (2–3 s) in water and afterwards dehydrated in the ethanol series. A 11 
probe/hybridisation buffer mixture (5 μL of a 50 ng/μL stock of probe plus 50 μL of 12 
hybridisation buffer) was applied to the surface of each well. Hybridizations were carried 13 
out for 4 h in an ISO20 oven (Grant Boekel). For the washing step, slides were placed in 14 
50 mL of wash buffer containing 20 μl of 4´, 6-diamidino-2-phenylindole dihydrochloride 15 
(DAPI; 50 ng μL_1; Sigma) for 15 min. They were then briefly washed (2–3 s) in ice-cold 16 
water and dried under a stream of compressed air. Five microlitres of ProLong® Gold 17 
antifade reagent (Invitrogen) was added to each well and a coverslip applied. Slides were 18 
stored in the dark at 4 ºC until cells were counted under a Nikon E400 Eclipse microscope. 19 
DAPI stained cells were examined under UV light and a DM510 light filter used to count 20 
specific bacteria hybridised with the probes. For each slide, fifteen different random fields 21 
of view were counted. In order to determine changes in bacterial populations between 22 
treatments we used an “index of specific bacteria” (ISB). The ISB was calculated using the 23 
following equation: ISB = ((Ns (T1) – Ns (T0)) – (Nc (T1) – Nc (T0)), where Ns is the 24 
number log10 of specific bacteria in a specific test sample, Nc is the number log10 of 25 
specific bacteria in the negative control (medium+faecal slurry), T1 is a specific time point 26 
and T0 is the 0h time point.  27 
 28 
Analysis of phenolic metabolites 29 
 30 
A previously developed UPLC-ESI-TQ MS method for the analysis of food flavan-3-31 
ols and their metabolites [17] was applied to analysis of microbe-derived metabolites in the 32 
batch culture vessels. The equipment consisted of an UPLC system coupled to an Acquity 33 
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PDA eλ photodiode array detector and an Acquity TQD tandem quadrupole mass 1 
spectrometer (UPLC-PAD-ESI-TQ MS) (Waters, Milford, MA, USA). Separation was 2 
performed on a Waters® BEH C18 column (2.1 x 100 mm; 1.7 μm) at 40ºC. A gradient 3 
composed of solvent A- water:acetic acid (98:2, v/v) and B-acetonitrile:acetic acid (98:2, 4 
v/v) was applied at flow rate of 0.5 mL/min as follows: 0-1.5 min: 0.1% B, 1.5-11.17 min: 5 
0.1-16.3% B, 11.17-11.5 min: 16.3-18.4% B, 11.5-14 min: 18.4% B, 14-14.1 min: 18.4-6 
99.9% B, 14.1-15.5 min: 99.9% B, 15.5-15.6 min: 0.1% B, 15.6-18 min: 0.1%. The ESI 7 
parameter were: capillary voltage, 3 kV; source temperature, 130 °C; desolvation 8 
temperature, 400 °C; desolvation gas (N2) flow rate, 750 L/h; cone gas (N2) flow rate, 60 9 
L/h. The ESI was operated in negative mode. The MRM transitions used for detection of 10 
flavan-3-ols were: (+)-catechin and (-)-epicatechin (289/245), (-)-epicatechin-3-O-gallate 11 
(441/289), procyanidins B1, B2, B3 and B4 (577/289), procyanidins C1 and T2 (865/577), 12 
and B2- and B2’-3-O-gallates (729/577) [18] For detection of different structures of 13 
phenolic metabolites, the MRM transitions used were: for phenyl-γ-valerolactone 14 
derivatives, 5-(3’,4’-dihydroxyphenyl)-γ-valerolactone (207/163), 5-(3’-hydroxyphenyl)-γ-15 
valerolactone (191/147), and γ-valerolactone (101/55); for 4-hydroxy-5-(phenyl)-valeric 16 
acid derivatives, 4-hydroxy-5-(3’,4’-dihydroxyphenyl)-valeric acid (225/163), 4-hydroxy-17 
5-(3’-hydroxyphenyl)-valeric acid (209/147), and 4-hydroxy-5-(phenyl)-valeric acid 18 
(193/175); for phenylpropionic acids, 3-(3,4-dihydroxyphenyl)-propionic acid (181/137), 3-19 
(3- and 3-(4-hydroxyphenyl)-propionic acids (165/121), and phenylpropionic acid (149/105); 20 
for phenylacetic acids, 3,4-dihydroxyphenylacetic acid (167/123), 3- and 4-21 
hydroxyphenylacetic acids (151/107), and phenylacetic acid (135/91); and for benzoic acids 22 
and others, gallic acid (169/125), catechol/pyrocatechol , 4-hydroxymandelic acid (167/123), 23 
4-hydroxybenzoic acid (137/93) and benzoic acid (121/77) [28]. In the absence of 24 
commercial standards, quantification of procyanidin B2 and B3 was carried out through 25 
the calibration curve of procyanidin B1. Procyanidins B1-3-O-gallate, B2-3-O-gallate and 26 
B2’-3-O-gallate were quantified using the (-)-epicatechin-3-O-gallate curve. Phenyl-γ-27 
valerolactones derivatives were quantified as (-)-epicatechin and γ-valerolactone using its 28 
calibration curve. 4-Hydroxy-5-(3’,4’-dihydroxyphenyl)-valeric and 4-hydroxy-5-(3’-29 
hydroxyphenyl)-valeric acids were quantified using the calibration curves of 3-(3,4-30 
dihydroxyphenyl)-propionic and 3-(3-hydroxyphenyl)-propionic acids, respectively. Data 31 




Before injection, samples were defrosted, centrifuged (14926 g, 20 ºC, 10 min) and 1 
filtered through a 0.22 µm PVDF filter (Teknokroma, Barcelona, Spain), finally diluted 2 
(1:1, v/v) with a mixture of water/acetonitrile (6:4, v/v), and 2 μL of the diluted sample 3 
were injected onto the column.  4 
 5 
Statistical analysis 6 
A paired Student’s t test was used to assess significant differences in the bacterial 7 
group populations between the negative control and GSE fermentations. Data on 8 
concentration of phenolic compounds were analyzed using a 2-factor repeated-measured 9 
analysis of variance with time (5, 10, 24, 30 and 48 h) and fraction (GSE-M and GSE-O) 10 
as the two factors in order to assess differences between fermentations with GSE-M and 11 
GSE-O. A significant difference is considered at a level of P < 0.05. All the statistical 12 
analysis was carried out using the STATISTICA program for Window, version 7.1 13 
(StatSoft. Inc. 1984-2006, www.statsoft.com).  14 
 15 
 16 
Results  17 
 18 
Effect of grape seed flavan-3-ol fractions on human faecal bacteria 19 
 20 
The GSE-M and GSE-O fractions were clearly differentiated by their flavan-3-ol 21 
profile (On-line Supplemental Material, Fig. 1S). Main phenolic compounds present in 22 
both fractions were: gallic acid, (+)-catechin and (-)-epicatechin, (-)-epigallocatechin-3-O- 23 
gallate, dimeric procyanidins B1, B2, B3, B4, galloylated dimeric procyanidins B2-3-O-24 
gallate, B2-3’-O-gallate and B1-3-O-gallate, and trimeric procyanidins C1 and T2. The 25 
GSE-M contained a higher concentration of the monomeric flavan-3-ols (+)-catechin, (-)-26 
epicatechin and (-)-epicatechin-3-O-gallate than the GSE-O fraction, whereas procyanidin 27 
dimer B1, B2, B3 and B4 and trimer C1 were presented in higher concentration in the 28 
GSE-O fraction than in the GSE-fraction. However, the procyanidin gallates were more 29 
abundant in the GSE-M fraction. The total phenolic content was 414 mg/g for GSE-M 30 
(70% flavan-3-ol monomers and 28% dimers) and 279 mg/g for GSE-O (21% flavan-3-ol 31 




From each of the three fermentation experiments using faecal samples from different 1 
donors, bacterial populations in the GSE-containing vessels, as well as in the negative 2 
(medium+faecal slurry) and positive (medium+faecal slurry+prebiotic) control vessels, 3 
were assessed at 0, 5, 10, 24, 30 and 48 h by FISH. This method has been used 4 
successfully to enumerate different bacterial groups and their changes over time in 5 
complex habitats such as the gut [9, 19]. 6 
 7 
From the results of the FISH analysis, changes in bacterial groups were calculated as 8 
ISB (index of specific bacteria), this is to say, changes relative to the negative control for 9 
each fermentation experiment (Fig. 1S). Among the bacterial groups studied 10 
(Bifidobacterium spp., Lactobacillus/Enterococcus spp., C. histolyticum group, 11 
Bacteroides spp., and members of the domain Bacteria), addition of GSE fractions to the 12 
faecal fermentation mixtures clearly affected the growth of C. histolyticum group (Chis150 13 
probe) and Lactobacilli/Enterococci (Lab158 probe). Both GSE-M and GSE-O fractions 14 
caused a decrease in the growth of the C. histolyticum group from 5 h (GSE-M) or 10 h 15 
(GSE-O) to 48 h, although significant differences were only observed for GSE-O at 10 h of 16 
fermentation. An increase in the Lactobacillus/Enterococcus population was observed at 17 
first stages of fermentation (5-10 h) when both GSE-M and GSE-O were added to the 18 
faecal fermentation mixture, although only significant values were found for GSE-M. No 19 
other distinguished changes in the microflora were observed in the GSE-added 20 
fermentations. On the other hand, the positive control (prebiotic added) showed increased 21 
populations in Bifidobacterium spp. (Bif164 probe) (significant increase at all the times 22 
studied), Lactobacillus/Enterococcus spp. (significant increase at 5 h), C. histolyticum 23 
group (significant increase at 5 h) and Bacteroides spp. (Bac303 probe) (significant 24 
increases at 10, 24 and 48 h). 25 
 26 
Microbial transformations of grape seed flavan-3-ol fractions  27 
 28 
Changes in precursor phenolic compounds during fermentations as well as formation 29 
of microbial phenolic metabolites were monitored by MRM mode. Among phenolic 30 
metabolites, a wide range of compounds including, phenyl-γ-valerolactones and 31 
phenylvaleric acid derivatives, hydroxyphenylpropionic, hydroxyphenylacetic, 32 
hydroxycinnamic, hydroxybenzoic and hydroxymandelic acids, as well as simple phenols 33 
were targeted. As an example, and for one of the faecal fermentations of GSE-M, Fig. 2S 34 
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(On-line Supplemental Material) shows the MS response of precursor phenolic 1 
compounds: (+)-catechin, (-)-epicatechin, (-)-epigallocatechin gallate, dimeric 2 
procyanidins B3, B1, B2 and B4 and galloylated dimeric procyanidins, at the different 3 
times of sample collection (0, 5, 10, 24, 30 and 48 h). However, to better show changes in 4 
the concentration of phenolic precursors as well as of microbial phenolic metabolites for 5 
both GSE-M and GSE-O fractions during the 48 h of fermentation, concentration values at 6 
time zero were subtracted from concentration values at 5, 10, 24, 30 and 48 h (changes 7 
relative to initial time) for each fermentation experiment, and mean concentration values 8 
(n=3 fermentations) calculated for both fractions. Therefore, negative values in the 9 
concentration Y-axis indicate degradation of flavan-3-ol precursors (Figs. 2 and 3) whereas 10 
positive values indicate formation of phenolic metabolites (Figs. 4, 5 and 6).  11 
 12 
Changes in precursor phenolic compounds 13 
 14 
Changes in flavan-3-ol concentration relative to initial time, observed during faecal 15 
fermentation, differed according to the grape seed polyphenol fraction used, GSE-M or 16 
GSE-O (Figs. 2 and 3). Greater degradation (lower concentration relative to the inital time) 17 
was observed for GSE-M for those compounds presented in higher concentration in 18 
relation to GSE-O (Table 1), i.e. (+)-catechin (Fig. 2A), (-)-epicatechin (Fig. 2B), (-)-19 
epicatechin-3-O-gallate (Fig. 2C) and procyanidin gallates (Fig. 3E and 3F). Significant 20 
differences between both fractions were observed in all cases, except for (+)-catechin and 21 
(-)-epicatechin because of the large inter-individual variations. In any case, catabolism of 22 
these compounds was completed by 10-24 h of fermentation.  23 
 24 
On the other hand, the concentration relative to initial time for C1 and T2 was 25 
significantly lower for GSE-O in comparison to GSE-M at almost all the collection times 26 
(Fig. 3G and 3H), indicating greater degradation of compounds that were present in higher 27 
content in the GSE-O fraction (Table 1). Complete degradation of C1 and T2 was attained 28 
at 10 h for GSE-M and at 24 h for GSE-O. For dimeric procyanidins B1-B4 (Fig. 3A-D), 29 
no significant differences in the concentration relative to initial time were observed 30 
between GSE-M and GSE-O for any of the times collected, probably because differences 31 
in the content of these compounds between fractions were not much relevant, at least in 32 
comparison to procyanidin trimers (Table 1). All procyanidin dimers were completely 33 
degraded by 24 h of fermentation in both fractions. In the case of B1, a transient increase 34 
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in concentration was observed after 10 h of fermentation (Figure 3A), a fact that has been 1 
previously reported occur in other studies using the same batch culture fermentation 2 
system [9].  3 
 4 
Formation of phenolic microbial metabolites 5 
 6 
Among phenyl-γ-valerolactones and phenylvaleric acid derivatives, 5-(3’,4’-7 
dihydroxyphenyl)-γ-valerolactone and 4-hydroxy-5-(3’,4’-dihydroxyphenyl)-valeric acid 8 
were detected during faecal fermentations, both showing non-significant differences in the 9 
concentration relative to initial time between GSE-M and GSE-O fractions, for any of the 10 
times collected (Fig. 4A and 4B). In the case of GSE-M, changes in the concentration of 11 
both compounds were larger and registered later (24 h) than for GSE-O (10 h). This was 12 
similar to their mono-hydroxylated forms, 5-(3’-dihydroxyphenyl)-γ-valerolactone and 4-13 
hydroxy-5-(3’-dihydroxyphenyl)-valeric acid (Fig. 4C and 4D). For GSE-M, both forms 14 
showed a progressive change in concentration from 10 to 48 h, whereas for GSE-O the 15 
peak change in concentration for both compounds was registered at 10 h, declining 16 
afterwards. However, this difference in evolution trend in function of the GSE was not 17 
observed for the non-hydroxylated metabolite 4-hydroxy-5-(phenyl)-valeric acid which 18 
showed a progressive change in concentration from 10 to 48 h, the changes being slightly 19 
larger for GSE-O, although not significant different (Figure 4F). In the case of phenyl-γ-20 
valerolactones derivatives, the corresponding non-hydroxylated form was not detected but 21 
instead the non-phenyl form γ-valerolactone, which was particular detected in the case of 22 
GSE-M (Fig. 4E). 23 
 24 
Among hydroxyphenylpropionic acids, 3-(3,4-dihydroxyphenyl)-propionic acid 25 
registered an increase in its concentration relative to initial time during the time-course of 26 
the fermentation of both GSE-O and GSE-M, attaining larger changes in the case of GSE-27 
M, although not significantly different between them (Fig. 5A). Subsequent 28 
dehydroxylated acids, 3- and 4-hydroxyphenylpropionic acids, also showed non significant 29 
differences in their concentration during the fermentation of GSE-M and GSE-O (Fig. 5C 30 
and 5E), larger changes tended to be produced for GSE-O, especially for 4-31 
hydroxyphenylpropionic acid. This effect was more pronounced for the non-hydroxyalated 32 
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form (phenylpronionic acid), for which statistically significant differences were found 1 
between both fractions in favour of GSE-O (Fig. 5G).  2 
 3 
Interestingly, the profile of 3,4-dihydroxyphenylacetic acid revealed an early 4 
increase in concentration at 10 h for GSE-O but not for GSE-M, which remained 5 
practically constant during fermentations (Fig. 5B). Similar results were found for its 3-6 
monohydroxylated form (3-hydroxyphenylacetic acid), for which again no significant 7 
changes in concentration were found during the fermentation of GSE-M in comparison to 8 
GSE-O (Fig. 5D). However, this was not the case for the 4-monohydroxylated (4-9 
hydroxyphenylacetic acid) and non-hydroxylated forms (phenylacetic acid) which 10 
progressively showed larger changes in concentration during the fermentation of both 11 
extracts (Fig. 5F and 5H). Although no significant differences were observed among 12 
fractions for these compounds, changes registered in 4-hydroxyphenylacetic acid tended to 13 
be higher for GSE-O than for GSE-M. However, for phenylacetic acid the evolution profile 14 
was completely similar for both fractions. 15 
 16 
Gallic acid, initially presented in the GSE fractions, showed a progressive decline in 17 
concentration during the fermentation of GSE-M (Fig 6A). Gallic acid may also arise from 18 
the release of the gallic acid moiety from galloylated flavan-3-ols by microbial esterase 19 
activity [20, 21]. However, only a slight accumulation of this compound was observed 20 
during the fermentation of GSE-O (Figure 6A). These changes were also in accordance 21 
with the concurrent formation of catechol/pyrocatechol, arising from dehydroxylation of 22 
gallic acid, in particular during the fermentation of GSE-M (Fig. 6B). None of the 23 
compounds showed significant differences in their concentration relative to initial time 24 
between both GSE-M and GSE-O fractions.  25 
 26 
In contrast to the profile of gallic acid, other phenolic acids such as 4-27 
hydroxybenzoic and benzoic acids (Fig. 6C and 6D), which are considered to arise from 28 
the β-oxidation of phenylpropionic acid derivatives, showed a progressive increase in 29 
concentration. In any case, it is of note that no significant differences in concentration were 30 








In recent years, interest in the interactions between food polyphenols and gut 3 
microbiota has increased because of their potential beneficial effects in human health [22]. 4 
Grape seeds extracts are a rich source of polyphenols, mainly monomeric flavan-3-ols and 5 
proanthocyanidins. Human health effects of polyphenols depend on their bioavailability, 6 
thus, while monomeric flavan-3-ols are readily absorbed in small intestine, 7 
proanthocyanidins reach the colon where they can be metabolized by the intestinal 8 
microbiota into phenolic metabolites, some of which could have higher biological activity 9 
than their parent compounds [2]. In the present study, we assessed the microbial 10 
modulatory capacity and catabolism of two grape seed fractions enriched in flavan-3-ol 11 
monomers (GSE-M) or oligomers (GSE-O), by performing in vitro fermentations with 12 
human bacterial populations representative of the distal part of the human large intestine 13 
(faecal samples) under anaerobic conditions. Both GSE-M and GSE-O fractions (600 14 
mg/L) lead to similar changes in the growth of specific bacterial populations. In particular, 15 
they induced an increase in the growth of Lactobacillus/Enterococcus group up to 10 16 
hours, and a decrease in the growth of C. histolyticum group after 5 h (GSE-M) or 10 h 17 
(GSE-O). No significant changes were noticed for other groups such as Bifidobacterium 18 
spp., Bacteroides spp., and members of the domain Bacteria. Using the same in vitro 19 
fermentation model, (+)-catechin (150 mg/L) was found to induce a significant decrease in 20 
the growth of C. histolyticum and an increase in the growth of Bifidobacterium spp., 21 
Clostridium coccoides-Eubacterium rectale and E. coli, although (-)-epicatechin only 22 
produced a significant increase on the C. coccoides-E. rectale population [9]. Thus, when 23 
the in vitro fermentation model was fed with a flavanol-enriched cocoa extract (1000 24 
mg/L), a significant decrease was also observed in the growth of the C. histolyticum group, 25 
together with an increase in the growth of Lactobacillus spp. and Bifidobacterium spp. 26 
[12]. Therefore, the results of this paper are in accordance with previous reports, with the 27 
exception of the increase in Bifibobacterium spp. group induced by flavan-3-ols that was 28 
not observed in this study.  29 
 30 
In any case, the results of this paper confirm the microbial-modulating capacity of 31 
dietary flavan-3-ols present in different dietary sources such as cacao and grapes. It is 32 
expected that the in vitro effects observed for grape seed flavan-3-ols would be also 33 
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evident in vivo, as parallel changes between intervention studies and in vitro fermentations 1 
have been reported for cocoa flavan-3-ols [12].  2 
 3 
Selective inhibitory of flavan-3-ols against the growth of various Clostridium spp. as 4 
well as enhancement of the growth of Lactobacillus spp. has been reported in pure culture 5 
[23]. However, evidence related to the in vivo effects of polyphenols on the intestinal 6 
microbiota is scarce. First studies conducted in both humans and animals (pigs and 7 
chickens) have revealed an increase in Lactobacillus spp. and a decrease in 8 
Entorabacteriaceae following administration of monomeric flavan-3-ols from green tea 9 
[10]. Smith et al. [24] later showed that rats fed a tannin-rich diet significantly decreased 10 
the Clostridium leptum cluster and increased the growth of Bacteroides group. Similarly, 11 
Dolara et al. [25] found that rats fed with red wine polyphenols had significantly lower 12 
levels of Clostridium spp., and higher levels of Lactobacillus spp. More recently, a 13 
significant increase in the numbers of bifidobacteria and/or lactobacilli, together with a 14 
significant decrease in the numbers of Bacteroides spp. and Clostridium spp. have been 15 
reported in rat fed blackcurrant extract powder [19]. Viveros et al. [26] also found that 16 
birds fed grape pomace concentrate and grape seed extract had higher populations of E. 17 
coli, Lactobacillus spp., Enterococcus spp., and Clostridium spp. in the caecal digesta than 18 
the control group. Recently, van Duynhoven [27] found changes in microbial population 19 
after the ingestion of tea polyphenols by humans, including Actinobacteria and 20 
Clostridium clusters.  21 
 22 
From data obtained in the literature and our study, it is evidence that flavanols can 23 
exert an antimicrobial effect on certain bacterial groups, such as C. histolyticum group. 24 
Among the mechanisms proposed to explain this effect could be the binding of 25 
polyphenols to bacterial cell causing disturbance of membrane function and, consequently 26 
inhibiting cell growth [28] and the formation of polyphenols-metal ions complex which 27 
would lead to iron deficiency in the gut and could, therefore, affect susceptible bacterial 28 
populations [29]. Other proposed mechanisms are DNA gyrase inhibition [30], enzyme 29 
inhibition [31], reactive oxygen generation  [32], and inhibition of virulence factors [33].  30 
 31 
From a health perspective, the present results give evidence that grape seed extracts 32 
and/or their microbe-derived metabolites benefit the host by inhibiting pathogen growth 33 
and regulating, or increasing, commensal bacteria. Increasing lactobacilli is associated with 34 
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beneficial effects in the gut due to the production of organic acids which help prevent 1 
colonisation of the gut epithelial layer by pathogenic bacteria [34] .In contrast, bacteria 2 
belonging to C. histolyticum group have a high β-glucuronidase activity which is 3 
considered to increase risk for colorectal cancer [35]. Moreover, the proteolytic 4 
metabolism of Bacteroides and Clostridium groups results in the production of ammonia, 5 
thiols, amines and indoles, endproducts which have been connected with neoplastic growth 6 
and cancer [36].  7 
 8 
Concomitant with the changes seen in bacterial groups, the degradation of flavan-3-9 
ols precursors together with the formation of numerous microbial phenolic metabolites was 10 
determined, evidencing occurrence of the polyphenol-microbiota interaction. Despite the 11 
large inter-individual differences observed among volunteers, the flavan-3-ol profile of the 12 
GSE fractions seemed to affect the degradation extent of flavan-3-ol precursors 13 
themselves. GSE-M tended to favor greater degradation than GSE-O, independent of the 14 
initial flavan-3-ol composition. This fact was particularly significant for galloylated flavan-15 
3-ols, which were higher in the GSE-M, indicating specificity of the tannase activity of the 16 
faecal microbiota. It is of note that despite effects on the degradation extent, most 17 
precursor flavan-3-ols attained completed degradation during the first 24 h of fermentation.  18 
 19 
The largest changes in precursor flavan-3-ols were observed during the first 10 h of 20 
fermentation, which also coincided with the time at which increases in 21 
Lactobacillus/Enterococcus and decreases in C. histolyticum group were seen. The 22 
significant inhibitory effects of GSE-O on C. histolyticum in comparison to growth 23 
promoting effects of GSE-M on Lactobacillus/Enterococcus also seem to be in agreement 24 
with the flavan-3-ol composition of the extracts, since a higher inhibitory activity has been 25 
reported for flavan-3-ols having a dregee of polymerizarion (DP) of 3 than for monomers 26 
[37]. Changes in bacterial composition may have led to alterations of microbial activity, 27 
affecting the catabolism of flavan-3-ols that could explain changes observed in degradation 28 
extent between the GSE-M and GSE-O. 29 
 30 
Considering the formation of phenolic microbial metabolites, a clear influence of 31 
fraction composition was also observed during the initial stages of microbial metabolism 32 
since the formation of the di- and mono-hydroxylated forms of both phenyl-γ-33 
valerolactones and phenylvaleric acid, followed the same pattern in each of the fractions. 34 
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Although no significant differences were observed between the GSE-M and GSE-O, the 1 
former fraction favoured formation of the dihydroxylated forms of both metabolites, 2 
whereas that of the monohydroxylated forms was promoted by the GSE-O, particularly 3 
during the initial hours of fermentation. Further metabolism to the non-droxylated form 4 
also tended to be initially favoured by GSE-O. These findings suggest that monomeric 5 
flavan-3-ols, abundant in the GSE-M, limit the formation of 5-(3’,4’-dihydroxyphenyl)-γ-6 
valerolactone and its possible chemical equilibrium with 4-hydroxy-5-(3’,4’-7 
dihydroxyphenyl)-valeric acid. In addition, the results indicate that dehydroxylation 8 
reactions starts as soon as the formation of 5-(3’,4’-dihydroxyphenyl)-γ-valerolactone is 9 
complete, as occurred during fermentation of the GSE-O. Using human microbiota, Stoupi 10 
et al. [38] also reported differences in the formation rate of 5-(3’,4’-dihydroxyphenyl)-γ-11 
valerolactone and 4-hydroxy-5-(3’,4’-dihydroxyphenyl)-valeric acid depending on original 12 
structure of the flavan-3-ol precursor (monomer or dimer). Moreover, some additional 13 
metabolites only arising from dimeric procyanidins were tentatively identified [38]. In 14 
contrast, recent studies using rat microbiota have revealed that dimeric procyanidins 15 
rendered fewer metabolites than that of monomers  [39]. 16 
 17 
Influence of the fraction flavan-3-ol profile was also seen during subsequent stages 18 
of the catabolism. The metabolite 3-(3,4-dihydroxyphenyl)-propionic acid also tended to 19 
be favoured by the GSE-M, but this effect was progressively lost from the conversion of 3-20 
(3,4-dihydroxyphenyl)-propionic acid to 3-(4-hydroxyphenyl)-propionic acid, and 21 
especially to phenylpropionic acid, for which the GSE-O promoted significant changes 22 
concentration in comparison to GSE-M.  23 
 24 
However, in the case of 3,4-dihydroxyphenylacetic acid, the largest changes in 25 
concentration were observed during the fermentation of GSE-O. These findings seem to be 26 
in line with those of Appeldoorn et al. [40] who proposed that the formation of 3,4-27 
dihidroxyphenylacetic acid could exclusively arise from the catabolism of the top unit of 28 
dimeric procyanidins. This also seemed to be the case in the monohydroxylated form 3-29 
hydroxyphenylacetic acid, but not of 4-hydroxyphenylacetic acid and phenylacetic acid, 30 
for which larger changes in concentration were observed during fermentation of GSE-M. 31 
However, it is of note that these metabolites, in particular the latter one, was also detected 32 
in the fermentation of the culture media alone (without phenolic incubation), contributing 33 
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to the marked concentration changes observed (data not shown). Both metabolites have 1 
been reported to be formed from the metabolism of certain aminoacids such as tyrosine and 2 
phenylalanine, respectively [41].  3 
 4 
Together, these findings suggest that different pathways exist for the catabolism of 5 
monomeric and oligomeric flavan-3-ols, as proposed in previous in vitro fermentation 6 
studies [9, 39, 40]. Metabolites arising during the initial stages of metabolism were 7 
promoted by GSE-M, whereas metabolites arising from intermediate and final stages 8 
(phenylpropionic, phenylacetic and benzoic acid derivatives) seem to be favoured by GSE-9 
O. When rats were fed different diets containing monomeric, dimeric or oligomeric flavan-10 
3-ols, the urinary excretion of microbial metabolites was also found to vary according to 11 
the flavan-3-ols source [42]. 12 
 13 
However, no correlation was found between changes in microbial population and 14 
changes in precursor flavan-3-ols and/or microbial metabolites during the fermentation of 15 
the two fractions (data not shown). In any case, the period for most important changes in 16 
microbiota (5-10 h of fermentation), coincided with the maximum changes in both, 17 
precursors and phenolic metabolites (i.e., phenyl-γ-valerolactones and phenylvaleric acid 18 
derivatives). Recently, some authors have found correlation between changes in microbial 19 
population and microbial metabolites, but only after a prolonged exposure to polyphenols 20 
either in vitro (using a continuous gut model) or in vivo (long-term feeding studies in 21 
humans and animals) [27, 43]. Therefore, besides the large inter-individual variations 22 
observed among volunteers, short-term exposure (48 h) to the GSE fractions could partly 23 
explain the lack of correlation found in our study. As pointed out by Kamperman et al. 24 
[44], a prolonged exposure to polyphenols might be needed to induce polyphenol-25 
resistance and bioconversion genes on the microbiota. This occurrence of this process may 26 
be needed in order to find correlation with metabolite data. 27 
 28 
In conclusion, this study has demonstrated that grape seed extracts of different 29 
flavan-3-ol composition could promote the growth of potentially beneficial bacteria and 30 
lower the counts of undesirable bacteria such as clostridia. Both fractions seemed to exert 31 
similar effects on the different microbial groups in spite of their differences in composition 32 
(monomers vs oligomers), although some tendency to certain growth promotion action of 33 
Lactobacillus/Enterococcus by GSE-M and inhibitory action of C. histolyticum group by 34 
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GSE-O was observed. The extent of the microbial catabolism of flavan-3-ols, as measured 1 
by the decrease in the concentration of precursor flavan-3-ols and formation of phenolic 2 
microbial metabolites, also tended to be affected by the fraction composition during the 3 
initial phases of the fermentation, but differences were not significant between the 4 
fractions, with the exception of galloylated flavan-3-ols and phenylpropionic acid. In 5 
addition, the formation of microbial metabolites revealed the possibility of the existence of 6 
different bioconversion pathways for the catabolism of monomeric and oligomeric flavan-7 
3-ols. Despite that changes evidencing the polyphenol-microbiota interaction coincided in 8 
time (first 10 h of fermentation), no statistical correlation was found between changes in 9 
microbial population and changes in precursor flavan-3-ol or microbial metabolites, 10 
probably because of the short exposure period (48 h) and large inter-individual differences 11 
observed among volunteers. These findings suggest that the flavan-3-ol profile of a 12 
particular food source could affect the microbiota composition and its catabolic activity, 13 
inducing changes that could in turn affect the bioavailability and potential bioactivity of 14 
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Table 1. Concentration of individual phenolic compounds in the grape seed extracts used 1 
in this study (GSE-O and GSE-M). 2 
 
 GSE-O GSE-M 
# Phenolic compound mg/g (± SD) mg/g (± SD) 
1 Gallic acid 5.49 ± 0.04 8.00 ± 0.02 
2 Procyanidin B3 33.81 ± 0.35 20.90 ± 0.05 
3 Procyanidin B1 55.34 ± 0.51 20.95 ± 0.58 
4 (+)-Catechin 25.60 ± 1.09 135.48 ± 0.80 
5 Procyanidin T2 13.92 ± 0.19 2.04 ± 0.09 
6 Procyanidin B4 28.41 ± 0.06 21.23 ± 0.23 
7 Procyanidin B2 61.24 ± 0.70 42.42 ± 0.91 
8 B1-3-O-gallate 0.13 ± 0.01 0.13 ± 0.00 
9 (-)-Epicatechin 30.21 ± 0.60 135.10 ± 1.37 
10 B2-3-O-gallate 1.26 ± 0.03 3.27 ± 0.18 
11 Procyanidin C1 20.99 ± 0.58 3.37 ± 0.34 
12 B2-3´-O-gallate 1.23 ± 0.03 2.23 ± 0.08 




Figure legends 1 
 2 
Figure 1. Changes in bacterial group populations during the fermentation of grape seed 3 
flavan-3-ols (GSE-M and GSE-O) (600 mg/L) in a pH-controlled faecal batch culture. *, 4 
significant differences relatives to negative control. 5 
 6 
Figure 2. Changes, relative to initial time, of monomeric flavan-3-ols during faecal 7 
fermentation of GSE-M and GSE-O. A) (+)-Catechin; B) (-)-Epicatechin, and C) (-)-8 
Epicatechin-3-O-gallate. 9 
 10 
Figure 3. Changes, relative to initial time, of dimeric and trimeric procyanidins during faecal 11 
fermentation of GSE-M and GSE-O. A) Procyanidin B1; B) Procyanidin B2, C) Procyanidin 12 
B3; D) Procyanidin B4; E) Procyanidin B2-3-O-gallate; F) Procyanidin B2-3’-O-gallate; G) 13 
Procyanidin C1, and H) Procyanidin T2. *, significant differences between GSE-M and GSE-14 
O at the same time. 15 
 16 
Figure 4. Changes, relative to initial time, of phenyl-γ-valerolactone and 4-hydroxy-5-17 
(phenyl)-valeric acid derivatives during faecal fermentation of GSE-M and GSE-O. A) 5-18 
(3’,4’-Dihydroxyphenyl)-γ-valerolactone; B) 4-Hydroxy-5-(3’,4’-dihydroxyphenyl)-valeric 19 
acid; C) 5-(3’-Hydroxyphenyl)-γ-valerolactone; D) 4-Hydroxy-5-(3’-hydroxyphenyl)-valeric 20 
acid; E) γ-Valerolactone; F) 4-Hydroxy-5-(phenyl)-valeric acid.  21 
 22 
Figure 5. Changes, relative to initial time, of phenylpropionic and phenylacetic acid 23 
derivatives during faecal fermentation of GSE-M and GSE-O. A) 3-(3,4-Dihydroxyphenyl)-24 
propionic acid; B) 3,4-Dihydroxyphenylacetic acid; C) 3-(3-Hydroxyphenyl)-propionic acid; 25 
D) 3-Hydroxyphenylacetic acid; E) 3-(4-Hydroxyphenyl)-propionic acid; F) 4-26 
Hydroxyphenylacetic acid; G) Phenylpropionic acid; H) Phenylacetic acid. *, significant 27 
differences between GSE-M and GSE-O at the same time. 28 
 29 
Figure 6. Changes, relative to initial time, of benzoic acid derivatives and other metabolites 30 
during faecal fermentation of GSE-M and GSE-O. A) Gallic acid; B) Catechol/pyrocatechol; 31 
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On-line Supplemental material 
 
Figure 1S. Comparative chromatograms (280 nm) of phenolic compounds from GSE-O 
(grape seed extract-oligomeric) and GSE-M (grape seed extract-monomeric) fractions.  
Peak numbers are referred in Table 1. 
 
Figure 2S. Changes in MS response of recursor phenolic compounds during faecal 
fermentation (0, 5, 10, 24, 30 and 48 h) of the grape seed extract GSE-M. MRM 
chromatograms of (+)-catechin, (-)-epicatechin, (-)-epigallocatechin gallate, dimeric 
procyanidins B3, B1, B2 and B4, galloylated dimeric procyanidins B2-3-O-gallate and B2-3’-















































































































































































































































































































































































































































































































































































































































































































Publicación IV.2.5. Cambios producidos en la población de bacterias intestinales y en 
el perfil de metabolitos fenólicos durante la fermentación in vitro de un extracto de 
vino tinto con microbiota fecal humana. 
 
Fernando Sánchez-Patán, Carolina Cueva, Maria Monagas, Gemma E. Walton, Glenn 
R. Gibson, Jesús E. Quintanilla-López, Rosa Lebrón-Aguilar, P.J. Martín-Álvarez, M. 
Victoria Moreno-Arribas, Begoña Bartolomé. Journal of Agricultural and Food 
Chemistry, 2011, (enviado). 
 
Resumen: 
En este trabajo se llevó a cabo un ensayo de fermentación in vitro con inóculos 
de heces procedentes de tres voluntarios sanos, en presencia y en ausencia de un 
extracto de vino tinto. A lo largo de 48 h de fermentación se determinaron los cambios 
en los principales grupos bacterianos mediante fluorescencia con hibridación in situ 
(FISH). El catabolismo de los principales flavonoides (esto es, flavan-3-oles y 
antocianinas) y la formación de una amplia variedad de metabolitos fenólicos 
microbianos se determinaron mediante análisis dirigido por UPLC-PAD-ESI-TQ MS. 
La velocidad de degradación de las antocianinas y los flavan-3-oles parece estar 
influenciada por sus características estructurales, si bien la mayoría de ellos se 
degradaron en las primeras 10 h de fermentación. El análisis estadístico del 
catabolismo de los polifenoles del vino tinto reveló que, el catecol/pirocatecol y los 
ácidos 4-hidroxi-5-(fenil)-valérico, 3- y 4-hidroxifenilacético, fenilacético, 
fenilpropiónico, y benzoico fueron los que mostraron los mayores incrementos durante 
la fermentación, mientras que la 5-(3'-hidroxifenil)-γ-valerolactona y su forma abierta 
4-hidroxi-5-(3'-hidroxi-fenil)-valérico, y el ácido 3,4-dihidroxifenilacético fueron los que 
mostraron las mayores variaciones entre individuos. A pesar de estos cambios, el 
metabolismo microbiano no produjo cambios significativos en los grupos bacterianos 
evaluados, aunque sí se observó una ligera inhibición de Clostridium histolyticum. 
Los principales hallazgos de este trabajo sugieren que los flavan-3-oles podrían 
contribuir de forma importante al perfil de metabolitos microbianos derivados del 
catabolismo de los polifenoles del vino tinto, y en consecuencia a su biodisponibilidad 
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An in vitro batch culture fermentation experiment was conducted with faecal inocula from 2 
three healthy volunteers in the presence and absence of a red wine extract. Changes in 3 
main bacterial groups were determined by fluorescent in situ hybridisation (FISH) during a 4 
48 h fermentation period. The catabolism of main flavonoids (i.e., flavan-3-ols and 5 
anthocyanins) and the formation of wide a range of phenolic microbial metabolites were 6 
determined by a targeted UPLC-PAD-ESI-TQ MS method. Both anthocyanins and flavan-7 
3-ols were mostly degraded during the first 10 h of fermentation, although structural 8 
features appeared to affect the rate of degradation. Statistical analysis revealed that 9 
catechol/pyrocatechol, as well as 4-hydroxy-5-(phenyl)-valeric, 3- and 4-10 
hydroxyphenylacetic, phenylacetic, phenylpropionic, and benzoic acids showed the 11 
greatest increases observed during fermentation, whereas 5-(3’-hydroxyphenyl)-γ-12 
valerolactone, its open form 4-hydroxy-5-(3’-hydroxyphenyl)-valeric acid and 3,4-13 
dihydroxyphenylacetic acid represented the largest inter-individual variations in the 14 
catabolism of red wine polyphenols. Despite these changes, microbial metabolism did not 15 
produce significant changes in the main bacterial groups detected although a slight 16 
inhibition of the Clostridium histolyticum group was observed. Main findings suggest that 17 
flavan-3-ols could largely contribute to the profile of microbial metabolites derived from 18 
the breakdown of red wine polyphenols and therefore, to their overall bioavailability and in 19 






Since the postulation of the French paradox by Renaud and de Lorgeril (1), moderate 3 
consumption of red wine has been associated with reduced risk of developing 4 
cardiovascular heart disease (CHD). Human intervention trials have suggested that red 5 
wine consumption provides antioxidant, anti-thrombotic, and anti-inflammatory effects, 6 
and may exert positive effects on vascular function and lipid metabolism, among other 7 
health benefits (2-5). Such effects of wine in comparison to other alcoholic beverages have 8 
been mainly attributed to the presence of polyphenols. 9 
 10 
Flavonoids are the most abundant, and among the most bioactive, polyphenols 11 
present in red wine, mainly including flavan-3-ols and anthocyanins, as well as flavonols, 12 
flavanonols and flavones, in lower proportion (6). Flavan-3-ols occur as monomeric, 13 
oligomeric or polymeric forms, the latter two are also known as proanthocyanidins or 14 
condensed tannins. Main flavanol monomeric units include (+)-catechin, (-)-epicatechin, (-15 
)-epicatechin-3-O-gallate. Proanthocyanidins are constituted of flavanol units linked by 16 
C4-C6 or C4-C8 bonds, presenting a mean degree of polymerisation (mDP) of between 3 17 
and 7 units in the case of red wine (7). The principal anthocyanins identified in red wine 18 
include the 3-O-monoglucosides and the 3-O-acylated monoglucosides of five main 19 
anthocyanidins: delphinidin, cyanidin, petunidin, peonidin and malvidin. Such compounds 20 
could be acylated in the C-6 position of the glucose molecule through esterification with 21 
acetic, p-coumaric and caffeic acids.  22 
 23 
It is established that these flavonoids are metabolised by humans and, evidence has 24 
accumulated in last few years to suggest that polyphenol metabolites, rather the original 25 
forms present in wine, might be responsible for the health effects derived from wine 26 
consumption (8). However, the different chemical structures of flavan-3-ols and 27 
anthocyanins directly influence bioavailability, for example, limiting the site of intestinal 28 
absorption either to the small intestine or colon, influencing their pharmacokinetics of 29 
absorption, extent of metabolism, and the amount finally excreted in urine (9, 10)  30 
 31 
Anthocyanins glycosides are first hydrolysed by the intestinal β-glucosidases or 32 
cytosolic β-glucosidases (CBG) within the epithelial cells before absorption in the small 33 
intestine (9). On the other hand, monomeric flavan-3-ols and, to a lesser extent, dimeric 34 
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procyanidins are directly absorbed in the small intestine with no prior chemical 1 
modification. Once absorbed, these polyphenols are first metabolised in the small intestine 2 
and then in the liver by phase II enzyme into methyl, glucuronide or sulphate conjugates 3 
which are preferentially excreted in the bile, although anthocyanins may also be found in 4 
non-conjugated form (9). In contrast to monomers, oligomers with mDP > 3 and polymers 5 
of flavan-3-ols, are not absorbed in their native forms. These compounds, together with 6 
phase-II metabolites reaching the colon by entero-hepatic recirculation, are catabolised by 7 
the colonic microbiota before absorption (11, 12). Colonic catabolism involves the 8 
formation of simple phenols, phenolic and aromatic acids, and lactones with different 9 
degrees of hydroxylation and side-chain length that could be further absorbed and 10 
subsequently submitted to intestinal and hepatic metabolism by phase II enzymes (8, 12-11 
14). Consequently, colonic catabolism of red wine polyphenols may play a major role in 12 
the production of new phenolic compounds, which could have better bioavailability and 13 
bioactivity than their parent compounds, and provide systemic or local health effects. At 14 
the colonic level, changes in gut microbial population are expected to occur as result of this 15 
polyphenol-bacteria interaction. Recent studies indicate that monomeric flavan-3-ols, and 16 
flavan-3-ol-rich sources such as chocolate, green tea, blackcurrant or grape seed extracts, 17 
may modulate the intestinal microbiota in vivo producing changes in beneficial bacteria 18 
such as Lactobacillus, whereas inhibiting other groups such Clostridium spp. (15-19). 19 
However, evidence related to the effects of red wine polyphenols on gut microbiota are 20 
still scarce (20). 21 
 22 
Considering the importance that colonic catabolism of polyphenols may have in overall 23 
bioavailability and bioactivity of wine polyphenols, in particular in microbiota-related 24 
diseases, the aim of the present paper was to look at the bacteria-polyphenol interactions 25 
involved in the colonic metabolism of red wine polyphenols using an in vitro batch culture 26 
fermentation model with human faecal microbiota. Changes in main microbial groups, as 27 
well as the changes in flavan-3-ols, anthocyanins and phenolic microbial metabolites, were 28 





MATERIALS AND METHODS 1 
Chemicals 2 
 3 
Standards of phenolic compounds were purchased from Sigma-Aldrich Chemical 4 
Co (St. Loius, MO), Phytolab (Vestenbergsgreuth, Germany) or Extrasynthèse (Genay, 5 
France). Unless otherwise stated, general chemicals and reagents were obtained from 6 
Sigma-Aldrich Co. Ltd (Poole, Dorset, UK) or Fisher (Loughborough, Leics, UK). 7 
Bacteriological growth media supplements were obtained from Oxoid Ltd. (Basingstoke, 8 
Hants, UK). Raftilose P95 fructo-oligosaccharide was purchased from Beneo (Tienen, 9 
Belgium). Isopore (0.22 µm) membrane filters were obtained from Millipore Corp. 10 
(Watford, Hertfordshire, UK). All oligonucleotide probes used for fluorescent in situ 11 
hybridisation (FISH) were commercially synthesised and labelled with the fluorescent 12 
dye Cy3 by MWG-Biotech Ltd (Milton Keynes, Bucks, UK). Sterilization of media and 13 
instruments was achieved by autoclaving at 121ºC for 15 min. 14 
 15 
Wine phenolic extract 16 
 17 
A commercial wine phenolic extract, Provinols™, was kindly provided by Safic-18 
Alcan Especialidades, S.A.U. (Barcelona, Spain). Its total phenolic content was 474 mg 19 
of gallic acid per gram, and its antioxidant capacity (ORAC value) was 14.5 mmol of 20 
Trolox per gram of product.  21 
 22 
Faecal batch-culture fermentation 23 
 24 
Three independent fermentation experiments were carried out using faeces from 25 
three different healthy volunteers, who had not ingested antibiotics for at least 6 months 26 
before the study and had no history of gastrointestinal disorder. The protocol described by 27 
Tzounis et al. (15) was used for faecal fermentations. Briefly, three 300-mL glass 28 
fermenter vessels were filled with 135 mL of a pre-reduced sterile medium. The medium 29 
was adjusted to pH 7.0 and continuously sparged with O2-free N2 overnight.  pH was 30 
maintained at 6.8 and the temperature at 37ºC in order to mimic conditions that resemble 31 
the distal region of the human large intestine. Vessels were inoculated with 15 mL of 32 
faecal slurry (10% w/v). Then, the wine extract and a known prebiotic compound 33 
(Raftilose P95 FOS, 1% w/v) used as positive control, were added to separate stirring 34 
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batch-culture vessels containing faecal slurry at a final concentration of 0.6 mg/mL. A 1 
further batch-culture vessel was prepared under the same conditions but without addition 2 
of any compound (negative control). Batch cultures were ran under anaerobic conditions 3 
for a period of 48 h during which samples were collected at six time points (0, 5, 10, 24, 4 
30, and 48 h) for FISH and analysis of phenolic metabolites. For this later analysis, 5 
samples were stored at -70ºC until required.  6 
 7 
Bacterial enumeration using FISH 8 
 9 
To assess differences in bacterial populations, FISH was used with oligonucleotide 10 
probes designed to target specific diagnostic regions of 16S ribosomal RNA. The probes 11 
were commercially synthesised and labeled with the fluorescent dye Cy3. The bacterial 12 
groups studied for enumeration were Bifidobacterium spp., Lactobacillus/Enterococcus 13 
spp., Clostridium histolyticum group, Bacteroides spp., and members of the domain 14 
Bacteria using the specific probes Bif164 (21), Lab158 (22), Chis150 (23), Bac303 (21) 15 
and EUBmix (24), respectively. For total bacterial counts, 4,6-diamidino-2-phenylindole 16 
nucleic acid stain was utilised. Samples fixed in 4% (v/v) paraformaldehyde overnight at 17 
4ºC were then centrifuged at 1500 g for 5 min, washed twice with PBS (0.1 M; pH 7.0), re-18 
suspended in a mixture of PBS–99% ethanol (1:1, v/v) and stored at -20ºC for 1 h. For the 19 
hybridisations, 20 L of each sample was pipetted onto Teflon- and poly-L-lysine-coated, 20 
six-well slides (Tekdon Inc., Myakka City, FL). The samples were dried onto the slides at 21 
46-50ºC for 15 min and afterwards dehydrated in an alcohol series (50%, 80% and 96%). 22 
The ethanol was allowed to evaporate from the slides before probes were applied to the 23 
samples. To permeabilise the cells for use with probes Bif164 and Lab158, samples were 24 
treated with 20 µL of lysozyme at room temperature for 15 min before being washed 25 
briefly (2–3 s) in water and afterwards dehydrated in the ethanol series. A 26 
probe/hybridisation buffer mixture (5 µL of a 50 ng/µL stock of probe plus 50 µL of 27 
hybridisation buffer) was applied to the surface of each well. Hybridisations were 28 
performed for 4 h in an ISO20 oven (Grant Boekel). For the washing step, slides were 29 
placed in 50 mL of wash buffer containing 20 µL of 4´, 6-diamidino-2-phenylindole 30 
dihydrochloride (DAPI; 50 ng/µL; Sigma) for 15 min. They were then briefly washed (2–3 31 
s) in ice-cold water and dried under a stream of compressed air. Five microliters of 32 
ProLong® Gold antifade reagent (Invitrogen) was added to each well and a coverslip 33 
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applied. Slides were stored in the dark at 4 ºC until cells were counted under a Nikon E400 1 
Eclipse microscope. DAPI stained cells were examined under UV light and a DM510 light 2 
filter was used to count specific bacteria hybridised with the probes. For each slide, fifteen 3 
random different fields of view were counted. In order to determine changes in the 4 
bacterial populations between treatments we used an “index of specific bacteria” (ISB). 5 
The ISB was calculated using the following equation: ISB = ((Ns (T1) – Ns (T0)) – (Nc 6 
(T1) – Nc (T0)), where Ns is the number log10 of specific bacteria in a specific test sample, 7 
Nc is the number log10 of specific bacteria in the negative control (medium+faecal slurry), 8 
T1 is a specific time point and T0 is the 0 h time point.  9 
 10 
Targeted analysis of phenolic metabolites 11 
 12 
Two previously-developed UPLC-ESI-TQ MS methods for the particular analysis of 13 
flavan-3-ols and their metabolites (25) and anthocyanins (Sánchez-Patán et al., 14 
unpublished results) were applied to analysis of the fermentation broths. An UPLC system 15 
coupled to a Acquity PDA eλ photodiode array detector and a Acquity TQD tandem 16 
quadrupole mass spectrometer (UPLC-PAD-ESI-TQ MS) (Waters, Milford, MA, USA) 17 
was used. Separation was performed on Waters BEH C18 columns (2.1 x 100 mm; 1.7 18 
µm) at 40 ºC and by applying a flow rate of 0.5 mL/min. For the analysis of flavan-3-ols 19 
and phenolic metabolites, a gradient composed of solvent A- water:acetic acid (98:2, v/v) 20 
and B-acetonitrile:acetic acid (98:2, v/v) was applied as follows: 0-1.5 min: 0.1% B, 1.5-21 
11.17 min: 0.1-16.3% B, 11.17-11.5 min: 16.3-18.4% B, 11.5-14 min: 18.4% B, 14-14.1 22 
min: 18.4-99.9% B, 14.1-15.5 min: 99.9% B, 15.5-15.6 min: 0.1% B, 15.6-18 min: 0.1% 23 
B. For analysis of anthocyanins, the gradient consisted of A (water/formic acid; 90:10, v/v) 24 
and B (acetonitrile) applied as follows: 0-1 min: 5% B, 1-8.09 min: 5-30% B, 8.09-8.67 25 
min: 30-100% B, 8.67-9.84 min: 100-5% B, 9.84-12.17 min: 5% B. In both methods, the 26 
ESI parameters were: capillary voltage, 3 kV; source temperature, 130 ºC; desolvation 27 
temperature, 400 ºC; desolvation gas (N2) flow rate, 750 L/h; cone gas (N2) flow rate, 60 28 
L/h. The ESI was operated in negative mode for flavan-3-ol analysis and in positive mode 29 
for anthocyanin analysis. The MRM transitions used for detection of flavan-3-ols were: 30 
(+)-catechin and (-)-epicatechin (289>245), (-)-epicatechin-3-O-gallate (441>289), 31 
procyanidins B1, B2, B3 and B4 (577>289), procyanidins C1 and T2 (865>577), B2- and 32 
B2’-3-O-gallates (729>577) (26). The MRM transitions used for detection of anthocyanins 33 
were: cyanidin-3-O-glucoside (449>287), petunidin-3-O-glucoside (479>317), peonidin-3-34 
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O-glucoside (463>301), malvidin-3-O-glucoside (493>331), malvidin-3-O-(6´´-O-1 
acetyl)glucoside (535>331) and malvidin-3-O-(6´´-O-p-coumaroyl)glucoside (639>331). 2 
For detection of different structures of phenolic metabolites, the MRM transitions used 3 
were: for phenyl-γ-valerolactone derivatives, 5-(3’,4’-dihydroxyphenyl)-γ-valerolactone 4 
(207>163), 5-(3’-hydroxyphenyl)-γ-valerolactone (191>147), and γ-valerolactone 5 
(101>55); for 4-hydroxy-5-(phenyl)-valeric acid derivatives, 4-hydroxy-5-(3’,4’-6 
dihydroxyphenyl)-valeric acid (225>163), 4-hydroxy-5-(3’-hydroxyphenyl)-valeric acid 7 
(209>147), and 4-hydroxy-5-(phenyl)-valeric acid (193>175); for phenylpropionic acids, 3-8 
(3,4-dihydroxyphenyl)-propionic acid (181>137), 3-(3- and 3-(4-hydroxyphenyl)-propionic 9 
acids (165>121), and phenylpropionic acid (149>105); for phenylacetic acids, 3,4-10 
dihydroxyphenylacetic acid (167>123), 3- and 4-hydroxyphenylacetic acids (151>107), and 11 
phenylacetic acid (135>91); and for benzoic acids and others, gallic acid (169>125), benzoic 12 
acid (121>77) and catechol/pyrocatechol (25). In the absence of commercial standards, 13 
quantification of procyanidin B2 and B3 was carried out in function of the calibration 14 
curve of procyanidin B1. Procyanidin B2’-3-O-gallate was quantified using the (-)-15 
epicatechin-3-O-gallate curve. Phenyl-γ-valerolactones derivatives were quantified as (-)-16 
epicatechin and γ-valerolactone using a calibration curve. 4-Hydroxy-5-(3’,4’-17 
dihydroxyphenyl)-valeric and 4-hydroxy-5-(3’-hydroxyphenyl)-valeric acids were 18 
quantified using the calibration curves of 3-(3,4-dihydroxyphenyl)-propionic and 3-(3-19 
hydroxyphenyl)-propionic acids, respectively. All individual anthocyanins were quantified 20 
using the calibration curve of malvidin-3-glucoside. Data acquisition and processing was 21 
carried out using MassLynx 4.1. software. 22 
 23 
Before injection, samples were defrosted, centrifuged (15000 x g, 20 ºC, 10 min) 24 
and filtered through 0.22 µm. The filtrate was diluted (1:1, v/v) with a mixture of 25 
water/acetonitrile (60:40, v/v), and 2 µL of the diluted sample were injected onto the 26 
column.  27 
 28 
Non-targeted analysis of phenolic compounds in the red wine extract 29 
 30 
In order to obtain an overview of the composition of the wine phenolic extract, 31 
some Direct-Injection Mass Spectrometry (DI-MS) experiments were carried out with an 32 
Agilent 1200 Series LC system (equipped with a binary pump, an autosampler and an 33 
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column oven) coupled to an 6520 quadrupole time-of-flight mass spectrometer using an 1 
electrospray interface (DI-ESI-QTOF MS instrument hereafter). All instruments were 2 
from Agilent Technologies (Santa Clara, CA). 3 
 4 
5 mg of the commercial wine phenolic extract were dissolved in 1 mL of 5 
methanol:water (50:50, v/v) and the solution filtered through 0.45 µm.  Five microlitres of 6 
the filtrate were injected using the autosampler into the LC system (without column) and 7 
carried through in acetonitrile:water (75:25, v/v) eluent at a flow rate of 100 µL/min. The 8 
ESI source parameters were previously optimised (Quintanilla-López et al, unpublished 9 
results) as follows: spray voltage 4.5 kV, drying gas temperature 300 °C, drying gas flow 10 
rate 6 L/min and nebulizer pressure 30 psi. Nitrogen (99.5% purity) was used as drying 11 
and nebulizer gas. Mass spectra were acquired in negative mode, recording from m/z 100 12 
to 5000. Data acquisition and processing were done using Agilent Mass Hunter 13 
Workstation Acquisition v. B.02.00 software. 14 
 15 
Statistical analysis 16 
 17 
A paired Student’s t test was used to test for significant differences in the bacterial 18 
group populations between the negative control and the wine extract fermentations. Also, 19 
principal component analysis (PCA), from standardised variables, was used to summarise 20 
changes in concentrations of microbial phenolic metabolites resulting from batch culture 21 
fermentation of the wine phenolic extract. All statistical analyses were carried out using the 22 
STATISTICA program for Window, version 7.1 (StatSoft. Inc. 1984-2006, 23 
www.statsoft.com).  24 
 25 
 26 
RESULTS AND DISCUSSION 27 
 28 
Composition of the red wine extract 29 
 30 
Main phenolic compounds present in the red wine extract were flavan-3-ols (ca. 70% 31 
of total phenolic quantified) and anthocyanins (ca. 30%) (Table 1), as determined by 32 
UPLC-ESI-TQ MS. Among flavan-3-ols, monomers and dimers (including galloylated 33 
forms) were present in very similar proportion (44 and 47% of total flavan-3-ol quantified, 34 
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respectively) whereas trimers accounted for 6%. Procyanidin B1 was the most abundant 1 
compound followed by (+)-catechin and (-)-epicatechin. Galloylated monomers and 2 
trimers were present in low amounts.  3 
 4 
Considering anthocyanins, malvidin-3-O-glucoside (55% of total anthocyanins 5 
quantified) was the main anthocyanin in the red wine extract, as expected from Vitis 6 
vinifera spp. (6), followed by peonidin and petunidin -3-O-glucosides, which were 7 
presented in similar concentrations to that of the acylated forms of malvidin-3-O-8 
glucoside. 9 
 10 
The QTOF spectra obtained by direct injection analysis of the sample, gave a more 11 
complete overview of the composition of the wine phenolic extract (Figure 1). Main m/z 12 
signals corresponded to [M-H]- ions from phenolic compounds which indicated the 13 
richness of the extract in these compounds. Besides from monomers (m/z 289.08),  dimers 14 
(m/z 577.15), dimer gallates (m/z 729.17) and trimers (m/z 865.22) also detected by UPLC-15 
ESI-TQ MS, the QTOF spectra revealed the presence of flavan-3-ols constituted up to 7 16 
units by both (epi)catechins and (epi)gallocatechins (i.e., prodelphinidins): trimers (2 17 
(epi)catechins + 1(epi)gallocatechins: m/z 881.21),   tetramers (4 (epi)catechins: m/z 18 
1153.28; 3 (epi)catechins + 1(epi)gallocatechins: m/z 1169.28), pentamers (5 19 
(epi)catechins: m/z 1441.35; 4 (epi)catechins + 1(epi)gallocatechins: m/z 1457.35, 20 
hexamers (6 (epi)catechins: m/z 1729.41; 5 (epi)catechins + 1(epi)gallocatechins: m/z 21 
1745.41) and heptamers (7 (epi)catechins: m/z 2017.48; 6 (epi)catechins + 22 
1(epi)gallocatechins: m/z 2033.49). In the case of procyanidins, these findings seem to be 23 
in accordance to those reported by Fulcrand et al. (7). However, in our knowledge 24 
prodelphinidins with DP up 7 have not been detected before in red wine. 25 
 26 
Effect of the red wine extract on human bacteria 27 
 28 
For the three volunteers, populations of the different bacterial groups were measured 29 
by FISH during the experimental time course (5, 10, 24, 30 and 48 h) of in vitro 30 
fermentation of the red wine extract, as well as for the negative (medium+faecal slurry) 31 
and positive (medium+faecal slurry+prebiotic) controls. Bifidobacterium spp. (Bif164 32 
probe), Lactobacillus/Enterococcus spp. (Lab158 probe), Bacteroides spp. (Bac303), and 33 
members of the domain Bacteria (EUBmix probe), remained constant during the time 34 
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course of fermentations in the presence of the wine phenolic extract. A slight inhibition in 1 
the C. histolyticum group (Chis150 probe) was observed at 30 and 48 h of fermentation in 2 
comparison to remaining times, but these changes were not significant compared to the 3 
negative control. This trend seems to be in line with that reported in other in vitro studies 4 
performed with monomeric flavan-3-ols and cocoa flavan-3-ols using the same batch 5 
culture model (15, 19), as well as with in vivo studies conducted with flavan-3-ol-rich 6 
sources (16-18). However, in contrast to these studies, we did not find a positive effect on 7 
the growth of other bacteria groups such as Lactobacillus/Enterococcus spp. Differences 8 
between studies could be attributed to variability in the flavan-3-ol concentration used. For 9 
example, a concentration of 600 mg of red wine extract used here provides ca. 5.94, 4.12 10 
and 20.94 mg/L of (+)-catechin, (-)-epicatechin and flavan-3-ols DP1-2 11 
(monomers+dimers), respectively, in comparison to 150-1000 mg/L of (+)-catechin and (-12 
)-epicatechin standards used by Tzounis et al. (15) or 219 mg/L of flavan-3-ols (DP1-2) 13 
from cocoa used by Tzounis et al. (19). Therefore, despite the fact that the red wine extract 14 
has high total polyphenol content (474 mg/g), the proportion of flavan-3-ols may be not 15 
enough to produce significant changes in microbiota during the course of a 48 h 16 
fermentation period. On the other hand, this fact also suggests that anthocyanins 17 
themselves may not be able to produce significant changes in bacterial population in 18 
comparison to flavan-3-ols. 19 
 20 
Another factor that may influence microbiota changes is the time of exposure to 21 
polyphenols and origin of microbiota used. Dolara et al. (20) found that rats fed with red 22 
wine polyphenols (50 mg/Kg, equivalent to ca. 1.2 mg of (+)-catechin + (-)-epicatechin 23 
/day) during 15 weeks had significantly lower levels of Clostridium spp, and higher levels 24 
of Lactobacillus spp. Therefore, exposure to lower concentration of flavan-3-ols  for a 25 
prolonged period of time may promote positive changes in bacteria population. 26 
 27 
Microbial transformations of red wine polyphenols  28 
 29 
In order to follow the fermentation of red wine extract with human faecal microbiota, 30 
main flavonoid compounds (flavan-3-ols and anthocyanins) were monitored by UPLC-31 
DAD-ESI-TQ MS during the time course of the experiments. To better illustrate changes, 32 
representative evolutionary trends of the different compounds are shown for Volunteer 1 33 
(V1) (Figures 3 and 4). Concerning flavan-3-ols, monomers, (+)-catechin and (-)-34 
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epicatechin, and procyanidin B2 were completely degraded by the microbiota after 5h of 1 
fermentation, while for procyanidin B1 this was attained at 10h (Figure 3A). This trend 2 
was also observed for procyanidin B3 whereas B4 showed a lower degradation rate, 3 
attaining complete degradation after 30h of fermentation (Figure 3B). Trimeric 4 
procyanidins C1 and T2 showed a rapid decrease in concentration during the first 10 h, 5 
showing afterwards slight transitions in concentration up to 48 h (Figure 3B).  6 
 7 
Gallic acid was also degraded by 30 h of fermentation, and no accumulation of this 8 
compound was observed during fermentation, in contrast to previous studies performed 9 
with other sources of galloylated flavan-3-ols (i.e., green tea and grape seed extract) (26, 10 
27), despite the decline observed in (-)epicatechin-3-O-gallate and B2-3’-O-gallate, at 10 h 11 
and 5h of fermentation, respectively (Figure 3C). 12 
 13 
As observed for most flavan-3-ols, maldivin-3-glucoside and its acylated forms 14 
showed a rapid decline in concentration during the first 5 h of fermentation, although 15 
complete degradation of the main anthocyanin was not observed until 30h of fermentation 16 
(Figure 4A). This was also the trend observed for peonidin- and cyanidin -3-O-glucosides 17 
which were rapidly degraded during the first 5 h, although no complete degradation was 18 
observed up to 30 h of fermentation. However, petunidin-3-O-glucoside showed a faster 19 
degradation rate attaining complete degradation after 10 h (Figure 4B). This fast 20 
catabolism of anthocyanins during the early hours of fermentation has been mainly 21 
attributed to the β-glucosidase activity of the gut microbiota (28).  22 
 23 
According to Keppler and Humpf (29), peonidin-3-glucoside gave a slower 24 
degradation rate than cyanidin- and malvidin -3-glucosides, however no clear effect of the 25 
hydroxylation pattern of the different anthocyanidins on bacterial degradation rate was 26 
observed in the present study. However, considering the acylation pattern, it appeared that 27 
the acylated forms of maldivin-3-glucoside presented a faster decline in comparison to the 28 
remaining ones. Incubation of the red wine extract in the absence of bacteria (chemical 29 
control) did not revealed significant changes in the concentration of these anthocyanins 30 
despite that they are known to be more susceptible to chemical hydrolysis than the no-31 
acylated ones. In any case, no transitional increase in the concentration of maldivin-3-32 
glucoside was observed as a consequence of the possible hydrolysis of the acetyl or p-33 
243 
 
coumaroyl moieties of the acylated forms, probably due to dynamism of the bacterial 1 
catabolism and rapid turnover into other degradation products. 2 
 3 
Formation of microbial phenolic metabolites 4 
 5 
A wide range of potential phenolic metabolites derived from the catabolism of 6 
flavan-3-ols, including intermediate metabolites (i.e., phenyl-γ-valerolactones and 7 
phenylvaleric acid derivatives) and end products (simple phenols, 8 
hydroxyphenylpropionic, hydroxyphenylacetic, hydroxycinnamic, and hydroxybenzoic 9 
acids), some of these latter compounds being also common to the catabolism of 10 
anthocyanins, were targeted by UPLC-DAD-ESI-TQ MS during the time course of batch 11 
culture fermentations (25, 26).  12 
 13 
Phenyl-γ-valerolactone and 4-hydroxy-5-(phenyl)-valeric acid derivatives 14 
 15 
The formation of 5-(3’,4’-dihydroxyphenyl)-γ-valerolactone, a characteristic 16 
metabolite arising from first steps in the microbial degradation of flavan-3-ols, was seen 17 
between 0-5 h of fermentation reaching a maximum concentration after 10 h (Figure 5A), a 18 
time period which coincided with the largest decline of precursor flavan-3-ols (Figure 3). 19 
Although the time at which the maximum formation of 5-(3’,4’-dihydroxyphenyl)-γ-20 
valerolactone occurs was  variable, depending on the origin of the microbiota (i.e., human 21 
or animal) and structural features of the precursor compound used in purified form (i.e. 22 
degree of polymerization and galloylation) (27, 30-32), this finding seems to be in line 23 
with previous studies carried out with grape seed extract in the same in vitro fermentation 24 
model (26). The open form, 4-hydroxy-5-(3’,4’-dihydroxyphenyl)-valeric acid (Figure 5B), 25 
also gave peak concentration levels after 10h, which is in accordance with its possible 26 
equilibrium with the lactone form (30). Large inter-individual differences were observed in 27 
the formation of both metabolites, showing high (for V3), intermedium (for V2) and low 28 
(for V1) maximum concentration levels. For this latter V1, not only levels of the 29 
metabolites were low, but also the time at which the peak concentration was reached was 30 




However, a different scenario was observed for mono-hydroxylated form since the 1 
V3, which produced the highest levels of 5-(3’,4’-dihydroxyphenyl)-γ-valerolactone, was a 2 
low producer of the mono-hydroxylated form (Figure 5C). This was also observed for 4-3 
hydroxy-5-(3’-hydroxyphenyl)-valeric acid (Figure 5D). Also of note was reversion in 4 
activity of V1 from a low to a high producer of the latter metabolite. Again, differences 5 
were observed in the time of peak concentration between volunteers in keeping with the 6 
formation of the precursor metabolites. 7 
 8 
On the other hand, formation of the non-hydroxylated form, 4-hydroxy-5-(phenyl)-9 
valeric acid, was not detected until 24h of fermentation and was progressively accumulated 10 
up to 48 h in the case of V1 and V3 (Figure 5F), indicating its formation from 4-hydroxy-11 
5-(3’-hydroxyphenyl)-valeric acid. However, the corresponding non-hydroxylated form of 12 
phenyl-γ-valerolactone was not detected but instead low levels of the non-phenyl form, γ-13 
valerolactone, were observed in particular for V3 (Figure 5E) (26). 14 
 15 
Phenylpropionic and phenylacetic acid derivatives 16 
 17 
The formation of 3-(3,4-dihydroxyphenyl)-propionic and 3,4-dihydroxyphenylacetic 18 
acids were registered concurrently with the formation of 5-(3’,4’-dihydroxyphenyl)-γ-19 
valerolactone and 4-hydroxy-5-(3’-hydroxyphenyl)-valeric acid, although the time at 20 
which maximum concentration was reached varied among volunteers in comparison to the 21 
precursor metabolites (Figure 6 A and B). Phenylpropionic acid derivatives are considered 22 
to arise from β-oxidation of phenylvaleric acid derivatives, whereas phenylacetic acid 23 
derivatives may arise from α-oxidation of the former derivatives (31, 33), although 24 
alternative different routes have proposed depending on the degree of polymerisation of 25 
flavan-3-ol and origin of the microbiota used (34). It is important to highlight that red wine 26 
extracts contains other flavanoid compounds such as flavonols (35), which although in 27 
minor proportion could also be metabolised by the intestinal microbiota into phenylacetic 28 
acids (36). 29 
  30 
The evolution pattern of the monohydroxylation forms differed for phenylpropionic 31 
and phenylacetic acids (Figures 6 C, D, E and F). Dehydroxylation reactions of 3-(3,4,-32 
dihydroxyphenyl)-propionic acid, favoured the formation of 3-(3-hydroxyphenyl)-33 
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propionic acid in comparison to that of 3-(4-hydroxyphenyl)-propionic acid (Figures 6C 1 
and E), as described in previous studies (37). In the case of V2 and V3, 3-(3-2 
hydroxyphenyl)-propionic acid accumulated during the first 6 h of fermentation (Figure 3 
6C) and then declined as observed for its precursor, 3-(3,4,-dihydroxyphenyl)-propionic 4 
acid. In contrast V1, which exhibited the lowest levels of precursor metabolites, showed a 5 
progressive accumulation up to 48 h of fermentation as well as the highest peak 6 
concentration levels. This trend was also observed for the corresponding phenylacetic acid 7 
form (i.e., 3-hydroxyphenylacetic), in particular for V2 which generated an earlier and 8 
higher accumulation than V1 and V3, indicating a posterior formation from 3-(3,4-9 
dihydroxyphenyl)-acetic acid (Figure 6D). 10 
 11 
Formation of the 4-monohydroxylated forms resulting from dehydroxylation at C-3 12 
(i.e., 3-(4-hydroxyphenyl)-propionic acid and 4-hydroxyphenylacetic acid) was also 13 
apparent for V1, rapidly accumulating up to 10-24 h and declining afterwards (Figure 6E). 14 
However, differences between both metabolites were observed for V2 and V3. It is 15 
important to highlight that these compounds also originated from fermentation of the basal 16 
medium, as reported in previous in vitro experiments (26, 38). Similar was the case of 17 
phenylpropionic and phenylacetic acids (Figure 6G and H), the non-hydroxylated forms, 18 
which showed a progressive increase during the time-course of fermentation for all 19 
volunteers, despite inter-individual differences described above for the other metabolites 20 
(26). These metabolites have been reported to be intermediate products of metabolic 21 
pathway of certain aminoacids (39).  22 
 23 
Simple phenols, benzoic and hydroxycinnamic acids  24 
 25 
As results of bacterial metabolism, the heterocyclic C-ring of anthocyanins is broken 26 
and degraded into phloroglucinol derivatives (from A-ring), and benzoic acids (from the B-27 
ring). Both phloroglucinol aldehyde and its oxidation product, phloroglucinol acid, have 28 
been detected following degradation of anthocyanins (29). As a consequence of the 29 
fermentation of the red wine extract, phloroglucinol was not detected but instead the 30 
dihydroxylated benzene, catechol/pyrocatechol, was progressively formed from 10 to 30 h 31 
of fermentation (Figure 7A). This simple phenol may also originate from the catabolism of 32 
galloylated flavan-3-ols after release of the gallic acid moiety and further dehydroxylation 33 
(26), however in the case of the red wine extract it is most likely that this metabolite 34 
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originated from the catabolism of anthocyanins, due to their relatively higher abundance in 1 
the extract (Table 1).  2 
 3 
The B-ring of malvidin would be degraded into 4-hydroxy-3,5-dimethoxybenzoic 4 
acid (syringic acid), whereas as that of cyanidin and peonidin would be degraded into 3,4-5 
dihydroxybenzoic acid (protocatechuic acid) and 4-hydroxy-3-methoxybenzoic acid 6 
(vanillic acid), respectively (8, 28, 29, 40). Such metabolites have been reported to be 7 
formed during the first 2 h of fermentation, decreasing afterwards due to further catabolism 8 
by the microbiota (29). In the present study, a transitory increase in syringic acid was 9 
observed after 5 h of fermentation for V2 and V3, however no detectable increases in 10 
concentration were observed for protocatechuic and vanillic acids (data not shown). O-11 
Demethylation of syringic and vanillic acids into gallic and protocatechuic acids, 12 
respectively, have also been reported during faecal fermentation of anthocyanins. 13 
However, we did not observe a later increase in these acids. In fact, according to Keppler 14 
and Humpf (29), O-demethylated metabolites were only detected from 2 to 4 h of 15 
fermentation in very small amounts. Instead, a progressive increase in benzoic acid during 16 
faecal fermentation of the red wine extract was observed (Figure 7B), indicating that O-17 
demethylated metabolites may be extensively dehydroxylated giving rise to benzoic acid as 18 
the final degradation product. The formation of benzoic acid by faecal microbiota is also in 19 
line with the results of previous studies reporting that 3- and 4- hippuric acids were strong 20 
urinary biomarkers of the intake of either a red wine/red grape juice mix or red grape juice 21 
(41). 22 
 23 
Other phenolic acids originating from the catabolism of flavan-3-ols, including the 24 
hydroxycinnamic acids p-coumaric, caffeic and ferulic acids were also monitored during 25 
faecal fermentation of the red wine extract. Small amounts of these acids were originally 26 
present in the extract as they usually occur in red grapes (6). No increase in the 27 
concentration of these acids was observed, but instead they were progressively decreased 28 
during faecal fermentation (data not shown). 29 
 30 
Overview of changes in microbial metabolites during faecal fermentation of the red wine 31 
extract 32 
 33 
In order to summarise changes in phenolic microbial metabolites resulting from  34 
247 
 
faecal fermentation of the red wine extract, a Principal Component Analysis (PCA) was 1 
applied. Two principal components (PC1 and PC2), which explained 53.1 % of the total 2 
variance of the data, were obtained. To show changes over time, scores of the samples in 3 
the different time periods (0, 5, 10, 24, 30 and 48 h) for the 3 volunteers were plotted in the 4 
plane defined by the first two principal components (Figure 8).  5 
 6 
The first principal component (PC1), explaining 33.9% of total variance, was 7 
positively correlated (loadings ≥ 0.7) with metabolites: catechol/pyrocatechol (r = 0.9510), 8 
and 4-hydroxy-5-(phenyl)-valeric (0.9342), 4-hydroxyphenylacetic (0.7006), 3-9 
hydroxyphenylacetic (0.7298), phenylacetic (0.9528), phenylpropionic acid (0.8914) and 10 
benzoic acids (0.7179). Increases observed in PC1 values indicated that the concentration 11 
of the latter metabolites progressively increased during fermentation and that the largest 12 
changes were observed between 10 and 24 h, in particular for V2 and V3. In other words, 13 
PC1 reflected major changes in the formation of microbial metabolites occurring during 14 
the time-course of the catabolism of the red wine extract, arising from both flavan-3-ol and 15 
anthocyanin precursors. These findings seem to agree with the global profile of 16 
phenylacetate and phenylpropionate formation observed after in vitro fermentation of a red 17 
wine/grape juice extract (38), as well as from other flavan-3-ol-rich sources such as 18 
chocolate, green tea or almond skins (37, 42, 43). 19 
 20 
The second principal component (PC2), explaining 11.4% of the total variance, was 21 
negatively correlated with 5-(3’-hydroxyphenyl)-γ-valerolactone (r = -0.7205), 4-hydroxy-22 
5-(3’-hydroxyphenyl)-valeric acid (-0.8258) and 3,4-dihydroxyphenylacetic acid (-0.7215). 23 
Negative values in PC2 increased during the first 10 h (for V2 and V3) or 24 h (for V1) of 24 
fermentation, indicating that these latter metabolites were formed during the first few hours 25 
of fermentation and sharply decreased afterwards. It is important to highlight that variation 26 
in this component reflected inter-individual differences in the microbial metabolism of the 27 
red wine extract among the 3 volunteers, suggesting that formation of intermediate 28 
metabolites such as 5-(3’-hydroxyphenyl)-γ-valerolactone and its open form 4-hydroxy-5-29 
(3’-hydroxyphenyl)-valeric acid and its subsequent transformation into 3,4-30 
dihydroxyphenylacetic acid, could be critical steps delimiting the rate and extent of the 31 
catabolism of red wine polyphenols and therefore, the absorption and further bioactivity of 32 
these compounds. In fact, not until very recently bacteria with ability to form 5-(3’, 4’-33 
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dihydroxyphenyl)-γ-valerolactone from the catabolism of flavan-3-ols have been identified 1 
(44), supporting the idea that formation of phenyl-γ-valerolactone derivatives by gut 2 
microbiota could be largely variable among individuals. Previous studies also 3 
demonstrated that the microbial catabolism of red wine/grape juice extract was highly 4 
variable among individuals, although phenyl-γ-valerolactone derivatives were not 5 
considered as a possible biomarker of red wine/grape microbial catabolism (38). Our 6 
findings support the results from previous in vitro fermentation experiments with grape 7 
seed extract (26), and indicate that flavan-3-ols could largely contribute to the profile of 8 
microbial metabolites derived from the catabolism of red wine polyphenols and therefore, 9 
to their overall bioavailability and in vivo bioactivity.  10 
 11 
In conclusion, microbial metabolism of the red wine extract produced a wide range 12 
of microbial metabolites, some of them characteristic of the catabolism of flavan-3-ols 13 
whereas other were also common to the catabolism of anthocyanins and other flavonoids 14 
present in the red wine extract. The metabolites formed from the catabolism of 15 
anthocyanins appeared to be rapidly degraded into simpler compounds. In contrast, flavan-16 
3-ols metabolites such as phenyl-γ-valerolactone derivatives, may deserve further 17 
consideration as a possible biomarker of red wine consumption linked to in vivo health 18 
effects. Despite the bacteria-polyphenol interaction as evidenced by the decline in 19 
flavonoids and formation of microbial metabolites, only subtle changes in the different 20 
bacterial groups were observed. Factors such as the initial flavan-3-ol concentration, the 21 
flavan-3-ol/anthocyanin ratio, as well as the original microbiota composition used, may 22 
have affected the modulation effect of polyphenols in comparison to other studies 23 
conducted with the same in vitro model. At the moment, further in vitro and in vivo trials 24 
are being conducted to determine the effect of moderate consumption of red wine on gut 25 
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Table 1. Phenolic composition of the red wine extract used in this study.  1 
 Flavan-3-ols and others mg/g  Anthocyanins mg/g 
Gallic acid 1.06± 0.05 Delphinidin-3-O-glucoside 0.568 ± 0.012 
(+)-Catechin 9.90± 0.32 Cyanidin-3-O-glucoside 0.265 ± 0.010 
(-)-Epicatechin 6.87± 0.15 Petunidin-3-O-glucoside 1.47 ± 0.03 
(-)-Epicatechin-3-O-gallate 0.226± 0.018 Peonidin-3-O-glucoside 1.78 ± 0.01 
B1 11.1± 0.1 Malvidin-3-O-glucoside 9.01 ± 0.50 
B2 4.69± 0.10 Malvidin-3-O- (6´´-acetyl) glucoside 1.92 ± 0.02 
B3 1.23± 0.02 Malvidin-3-O-(6´´-p-coumaroyl)glucoside 1.24 ± 0.01 
B4 0.827± 0.018   
B2-3-O-gallate 0.0271± 0.0106   
B2-3’-O-gallate 0.0258± 0.0028   
C1 1.07± 0.04   
T2 1.24± 0.09   




FIGURE LEGENDS 1 
 2 
Figure 1. Direct injection QTOF spectrum of the red wine extract used in this study. The 3 
inset shows an enlarged section of 1100-2300 m/z range. 4 
 5 
Figure 2. Changes in bacterial group populations during the fermentation of the red wine 6 
extract (600 mg/L) in a pH-controlled faecal batch culture.  7 
 8 
Figure 3. Changes in gallic acid and flavan-3-ols during faecal fermentation (volunteer V1) 9 
of the red wine extract: A) (+)-Catechin, (-)-epicatechin, and procyanidins B1 and B2; B) 10 
Gallic acid and procyanidins B3, B4, C1 and T2; C) (-)-Epicatechin-3-O-gallate and 11 
procyanidin B2-3’-O-gallate. 12 
 13 
Figure 4. Changes in anthocyanins during faecal fermentation (volunteer V1) of the red wine 14 
extract: A) Malvidin-3-O-glucoside, malvidin-3-O-(6´´-O-acetyl)glucoside and malvidin-3-15 
O-(6´´-O-p-coumaroyl)glucoside; B) Cyanidin-3-O-glucoside, petunidin-3-O-glucoside 16 
and peonidin-3-O-glucoside. 17 
 18 
Figure 5. Changes in phenyl-γ-valerolactone and 4-hydroxy-5-(phenyl)-valeric acid 19 
derivatives during faecal fermentation (volunteers V1, V2 and V3) of the red wine extract. 20 
A) 5-(3’,4’-Dihydroxyphenyl)-γ-valerolactone; B) 4-Hydroxy-5-(3’,4’-dihydroxyphenyl)-21 
valeric acid; C) 5-(3’-Hydroxyphenyl)-γ-valerolactone; D) 4-Hydroxy-5-(3’-hydroxyphenyl)-22 
valeric acid; E) γ-Valerolactone; F) 4-Hydroxy-5-(phenyl)-valeric acid.  23 
 24 
Figure 6. Changes in phenylpropionic and phenylacetic acid derivatives during faecal 25 
fermentation (volunteers V1, V2 and V3) of the red wine extract. A) 3-(3,4-26 
Dihydroxyphenyl)-propionic acid; B) 3,4-Dihydroxyphenylacetic acid; C) 3-(3-27 
Hydroxyphenyl)-propionic acid; D) 3-Hydroxyphenylacetic acid; E) 3-(4-Hydroxyphenyl)-28 
propionic acid; F) 4-Hydroxyphenylacetic acid; G) Phenylpropionic acid; H) Phenylacetic 29 
acid. 30 
 31 
Figure 7. Changes in simple phenols and benzoic acid derivatives during faecal fermentation 32 




Figure 8. Representation of the samples in the plane defined by the first two principal 1 
components (PC1 and PC2) resulted from a PCA of microbial-derived phenolic 2 
metabolites (n = 16) for the three volunteers (V1, V2, V3) at different incubation times (0, 3 
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Publicación IV.2.6. Aislamiento e identificación de bacterias fecales tolerantes a 
polifenoles del vino. 
 
Carolina Cueva, Begoña Bartolomé, M.Victoria Moreno-Arribas, Irene Bustos, Teresa 




El vino y las uvas poseen un alto contenido en polifenoles, especialmente de 
oligómeros de flavan-3-oles con un grado de polimerización ≥3, también conocidos 
como taninos condensados o proantocianidinas. Estos polifenoles, que en su mayoría 
llegan al colon en su forma nativa, son susceptibles de ser metabolizados por la 
microbiota intestinal, dando lugar a toda una serie de metabolitos que pueden tener 
mayor actividad antimicrobiana que sus precursores. En este trabajo se evaluó la 
susceptibilidad de la microbiota intestinal de 36 individuos gastrointestinal sanos 
frente a dos extractos fenólicos, uno procedente de pepita de uva y otro de vino tinto. 
Los resultados obtenidos mostraron que el extracto de pepita de uva era el más activo 
frente a las bacterias Gram-positivas, mientras que el extracto de vino tinto lo era 
frente a las  Gram-negativas. Además, se observó que la susceptibilidad de las cepas a 
los extractos era especie-dependiente. No obstante, son necesarios más estudios que 
evalúen tanto la capacidad de estas bacterias para metabolizar los extractos fenólicos 





Isolated and identification of faecal bacteria-tolerant to wine polyphenols 2 
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Wine and grape derivatives content a high proportion of polyphenols, especially oligomers 2 
with a mean degree of polymerization, also known as condensed tannins or 3 
proanthocyanidins. These polyphenols reach the colon actives, where could be transformed 4 
by the gut microbiota in metabolites with higher antimicrobial activity. In this work we 5 
explore the susceptibility of intestinal microbiota of 36 gastrointestinal healthy individuals 6 
to two commercial phenolic compounds: Vitaflavan® obtained from grape seeds and 7 
Provinols™ obtained directly from wine. The results demonstrated that Vitaflavan® was 8 
most active against Gram-positive bacteria than Provinols™, and the contrary result was 9 
obtained for Gram-negative genera. In addition, the susceptibility assays showed 10 
intragenera differences. Nevertheless, further investigations are necessary to investigate 11 
whether these bacteria are able to metabolize phenolic extracts leading to microbe-derived 12 
metabolites able to exert health benefits, as well as the mechanism by which bacteria resist 13 









The human gastrointestinal tract harbors a diverse microbiota, being the large 3 
intestine where is reaching the highest population of bacteria, most of which are strictly 4 
anaerobic (Guarner, 2006; Delgado et al., 2006). Recent studies have suggest that 5 
predominant anaerobe populations remain quite constant over time, whereas the facultative 6 
anaerobe and aerobe populations (lactobacilli, coliforms, enterococci, staphylococci, yeast 7 
and mold) show more interindividual differences (Delgado et al., 2006; Magne et al., 8 
2006). This microbiota carry out important and specific metabolic (conversion of 9 
carbohydrates, proteins and non-nutritive into more absorbable molecules which serve as 10 
nutrients for the host as well as for resident bacteria) and trophic (control of epithelial cell 11 
proliferation and differentiation) functions (Guarner et al., 2006). Moreover, gut 12 
microbiota is also considered to play and essential role in the host defence system 13 
(Requena et al., 2010). In this regard, it is known that a good balance in gut the microbiota 14 
protects against intestinal disorders, inflammatory diseases, cancer and obesity among 15 
others (Carroll et al., 2009; Joly et al., 2010; Romier et al., 2009; Zoetendal et al., 2007).  16 
 17 
Diet is it is one of the factors that could affect the stability and constancy of 18 
intestinal microbiota (Shinohara et al., 2010). Polyphenols are phytochemicals abundantly 19 
present in our diet in diverse products including tea, coffee, wine, fruit, chocolate and, to 20 
a lesser extent, in vegetables, cereals and legume seeds. Wine and grape derivatives 21 
content a high proportion of polyphenols, specially oligomers with a mean degree of 22 
polymerisation (mDP) > 3 and polymers of flavan-3-ols (also known as condensed 23 
tannins or proanthocyanidins), which escape digestion in the small intestine and reach the 24 
colon where they are susceptible to be transformed into metabolites by the action of gut 25 
microbiota. These metabolites could have better bioactivity than their precursors 26 
(Requena et al., 2010).  27 
 28 
In vitro studies have demonstrated  that microbe-derived phenolic metabolites could 29 
selectively inhibit the growth of bacteria (Cueva et al., 2010; Alakomi et al., 2007; Lee et 30 
al., 2006), leading changes in the microbiota composition. Recently, a in vitro 31 
fermentation study with faecal microbiota have revealed that two grape seed extract 32 
fractions, with different flavan-3-ols composition, were able to inhibit the growth of 33 
intestinal pathogenic group (clostridia) without significantly affecting the growth of 34 
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potentially beneficial bacteria (Bifidobacterium spp. and Lactobacillus spp)(Cueva et al., 1 
unpublished). 2 
 3 
A recent study has shown that ruminal populations adapted to tannins protect 4 
ruminants from antinutritional effects (Smith et al., 2005). In this way, we can 5 
hypothesize that dietary polyphenols may select polyphenols-tolerant bacteria able to 6 
produce phenolic metabolites with beneficial effects in human health (Requena et al., 7 
2010). 8 
 9 
In order to improve the knowledge about the effect of dietary polyphenols on 10 
microbiota composition, the aims of this work were: (a) to isolate representative anaerobe 11 
facultative and aerobe bacteria from faecal samples tolerant to wine polyphenols; (b) to 12 
identify isolated bacteria by means of MALDI-TOF analysis and PCR amplification and 13 
(c) to evaluate the susceptibility of tolerant bacteria to wine polyphenols. 14 
 15 
 16 




Two commercial extracts were used in this study: Vitaflavan®, obtained from grape 21 
seeds and was kindly provided by Dr. Piriou (Les Dérives Resiniques & Terpéniques, S.A., 22 
France), and Provinols™, obtained from wine and supplied by Safic-Alcan Especialidades, 23 
S.A.U., Barcelona (Spain). Table 1 reports the phenolic composition of the two extracts. 24 
Gallic acid, monomeric flavan-3-ols [(+)-catechin and (-)-epicatechin], procyanidin dimers 25 
(B1, B2, B3 and B4) and trimers (C1 and T2), (-)-epicatechin-3-O-gallate and procyanidin 26 
gallates (B1-3-O-gallate, B2-3-O-gallate, and B2-3´-O-gallate) were the main compounds 27 
in Vitaflavan® giving a total phenolic content of 337 mg/g. In the case of Provinols, apart 28 
from compounds mentioned above, as well contained anthocyanins (delphinidin-3-29 
glucoside, cyaniding-3-glucoside, petunidin-3-glucoside, peonidin-3-glucoside, malvidin-30 
3-glucoside, malvidin-3-(6´´-acetyl)-glucoside, malvidin-3-(6´´-p-coumaroyl)-glucoside 31 
and malvidin-3-(6´´-p-coumaroyl)-glucoside). The phenolic extracts were prepared by 32 




Faecal sample processing and bacterial isolation 1 
 2 
Thirty-six faecal samples from gastrointestinal healthy volunteers (one sample per 3 
individual) were successively collected and frozen at -40ºC. Faecal processing included a 4 
gradual defrost at 4ºC during 24 h. Then, 1 g of faeces was completely solved in 10 mL of 5 
saline, centrifuged at low speed (1000 rpm) for 10 min and the upper phases were 6 
collected. In order to isolated faecal bacteria tolerant to selected phenolic extracts, 2,7 mL 7 
of upper phase was mixed with 300 μl of Vitaflavan® (10 mg/mL), Provinols™ (10 8 
mg/mL) and sterile water (control) for three hours at 37ºC. After incubation, samples were 9 
serially diluted in saline solution and seed on different culture mediums supplemented or 10 
not with 1mg/mL of each phenolic extract.  11 
 12 
The culture media were unspecific as Sheep Blood Agar and Tryptone Soy Agar, and 13 
specific as Mac Conkey Agar, Manitol Salt Agar, M Enterococcus Agar and MRS Agar 14 
(selective for Enterobacteriaceae, M-Enterococcus, Staphylococcus and lactic acid 15 
respectively). All culture media were purchase from Difco. Agar plates were aerobically 16 
incubated for 48h at 37ºC, and all phenotypically different colonies were re-seeded and 17 
subsequently identified by MALDI-TOF-MS (Bruker Daltonik GmbH, Germany) and/or 18 
16S rRNA amplification using universal primers and further nucleotide sequenciation. All 19 





Fast and reliable bacterial identification were carried out by MALDI-TOF-MS. A 25 
single colony of a fresh culture was directly deposited on a MALDI-TOF-MS plate 26 
(Bruker Daltonik GmbH, Germany). Samples were overlaid with 1 μl of matrix solution 27 
(saturated solution of α-cyano-4-hydroxycinnamic acid in 50% acetonitrile and 2.5% 28 
trifluoroacetic acid). The matrix sample was cocrystallized by air drying at room 29 
temperature. Measurements were performed on an Autoflex III MALDI-TOF/TOF mass 30 
spectrometer (Bruker Daltonics, Leipzig, Germany) equipped with a 200-Hz Smartbeam 31 
laser. Spectra were recorded in the linear, positive mode at a laser frequency of 200 Hz 32 
within a mass range from 2,000 to 20,000 Da. The IS1 voltage was 20 kV, the IS2 voltage 33 
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was maintained at 18.6 kV, the lens voltage was 6 kV, and the extraction delay time was 1 
40 ns. For each spectrum, 500 laser shots were collected and analyzed. Spectra were 2 
internally calibrated by using Escherichia coli ribosomal proteins every day. 3 
 4 
For automated data analysis, raw spectra were processed using the MALDI Biotyper 5 
2.0 software (Bruker Daltonics, Leipzig, Germany) at default settings. The software 6 
performs normalization, smoothing, baseline subtraction, and peak picking, creating a list 7 
of the most significant peaks of the spectrum. To identify unknown bacteria, each peak list 8 
generated was matched directly against reference libraries using the integrated pattern-9 
matching algorithm of the Biotyper 2.0 software (Bruker Daltonics, GmbH, Germany). 10 
The unknown spectra were compared with a library of reference spectra based on a pattern 11 
recognition algorithm using peak position, peak intensity distributions, and peak 12 
frequencies. Once a spectrum has been generated and captured by the software, the whole 13 
identification process is performed automatically, without any user intervention.  14 
 15 
MALDI-TOF MS identifications were classified using modified score values 16 
proposed by the manufacturer: a score of _2 indicates species identification; a score 17 
between 1.7 and 1.9 indicates genus identification, and a score of _1.7 indicates no 18 
identification. In the case of discrepant results or no identification, the result of sequencing 19 
of the 16S rRNA indicated the final identification. 20 
 21 
PCR amplification and sequencing 22 
 23 
Microorganisms that could not be identified directly by MALDI-TOF were subjected 24 
to partial 16S rRNA gene sequencing. Isolated bacteria were subjected to PCR reactions 25 
with primers 16-F (5’-AGGATTAGATACCCTGGTAGTCCA-3’) and 16-R (5’-26 
AGGCCCGGGAACG TATTCAC-3’). Reactions were performed in a final volume of 15 27 
μl containing 0.2 mM each dNTP, 1μM of each primer, 1 U Fast-Star Taq polymerase 28 
(Roche) and one isolated colony with its appropriate reaction buffer. Amplifications were 29 
performed in a PCR Thermocycler (Applied Biosystem), using the following conditions: 7 30 
minutes at 94ºC, 30 cycles at 94ºC for seconds, 52ºC for 30 seconds, and 72ºC for 45 31 
seconds, plus a final step at 15ºC for 7 minutes. Amplicons were purified using Exo-SAP-32 
IT (GE Healthcare, ciudad, país) to remove unincorporated primers and nucleotides, and 33 
sequenced by cycle extension in an ABI 3100 DNA sequencer (Applied Biosystems) using 34 
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X as a primer. Sequences were then compared to others in public database using the 1 
BLAST program. 2 
 3 
Bacterial susceptibility to wine polyphenols 4 
 5 
Susceptibility to Vitaflavan® and Provinols™ of the bacteria isolated from fecal 6 
samples of healthy volunteers was determined by the agar dilution method using the 7 
Steer’s replicator and following the CLSI guidelines (ref). Stock solutions of both phenolic 8 
extracts were dissolved in sterile water, and TSA plates were prepared with a final 9 
phenolic concentration of 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10 mg/ml. Bacterial inoculums 10 
suspensions were adjust to 0.5 McFarland in saline solution. Plates were incubated 11 
overnight at 37ºC in aerobic conditions. The minimal inhibitory concentration (MIC) value 12 
was defined as the lowest concentration of phenolic extract that inhibited visible growth.  13 
 14 
 15 
3. RESULTS  16 
 17 
Isolated bacteria from faeces 18 
 19 
The analysis of faecal flora by isolation of bacteria in selective growth media, 20 
provide a measure of the effect of phenolic extracts in dominant cultivable bacteria. In 21 
general, Vitaflavan® exhibited stronger inhibitory effect than Provinols™ in all bacteria 22 
counts (results not shown), especially in Staphylococcus group (Figure 1). Representative 23 
colonies from all media were re-isolated and subsequently identified by MALDI-TOF or 24 
16S rRNA gene sequencing (Table 2). A total of 76, 82 and 83 colonies were isolated from 25 
faeces cultivated with sterile water (control), Vitaflavan®, and Provinols™ respectively. 26 
The most frequently isolated species were Escherichia coli, Enterococcus faecalis and 27 
Enterococcus faecium. Regard to diversity of bacteria, it was observed that faecal 28 
incubation with phenolic extracts lead to decrease in bacteria diversity compared to 29 
control. Moreover, some species, such as Anaerococcus sp (2), Klebsiella pneumoniae (2) 30 






Antibacterial activity of phenolic extracts 1 
 2 
Representative isolated of all media were selected to calculate minimum inhibitory 3 
concentrations. The MICs values of Vitaflavan® and Provinols™, with exception of E. 4 
coli, E. faecalis and E. faecium, are summarized in Table 3. The MIC values showed that 5 
Vitaflavan® and Provinols™ had a wide range of antibacterial activities against both Gram 6 
positive and Gram-negative bacteria, however, Gram-positive were found to be more 7 
susceptible (lower MIC values) than Gram-negative to both phenolic extracts. All tested 8 
Gram negative bacteria, belonged to Enterobacteriaceae family, were more susceptible to 9 
Provinols™, except for Klebsiella oxytoca 2 strains (Table 3). Moreover, we found 10 
differences in MIC values between strains belong to the same species (K. oxytoca). In 11 
contrast, Gram-positive bacteria were more susceptible to Vitaflavan®, with the exception 12 
of Enterococcus avium 3, Enterococcus hirae, Enterococcus wikkiensis, Staphylococcus 13 
epidermidis 2 and Weissella viridiscens 2. Among Gram positive bacteria, Anaerococcus 14 
sp, E. avium, Staphylococcus epidermidis, Staphylocccus equorum, Staphylococcus 15 
hominis and Weissella viridiscens showed intraspecific variability in their MIC values. 16 
 17 
Regard to most frequently isolated bacteria, E. coli, E. faecalis and E. faecium, it was 18 
evaluated the resistance of Vitaflavan® and Provinols™ –tolerant strains (those were able 19 
to growth in presence of 1mg/ml of Vitaflavan® or Provinols™) by means of MIC 20 
determination (Figure 2). The results showed that the Gram-negative bacteria, E. coli, were 21 
more resistance to both extracts than Gram positive bacteria, E. faecalis and E. faecium. 22 
Moreover, Gram-negative bacteria were more susceptible to Provinols™ and Gram-23 
positive bacteria to Vitaflavan®, according with the results mentioned above for the rest of 24 
tested bacteria. On the other hand, previous incubations of E. coli and E. faecium with 25 
extracts to obtain tolerant strains did not produce significant changes in pattern resistance, 26 
however, Provinols™-tolerant E. faecalis showed more resistance to both extracts than 27 





In recent years, the interest in the interactions between food polyphenols and gut 33 
microbiota has increased because of their potential beneficial effects in human health 34 
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(Selma et al., 2009; Requena et al., 2010). Several in vitro and in vivo studies with faecal 1 
microbiota have reported that polyphenols lead to changes in faecal anaerobe populations 2 
(Cueva et al., unpublished; Goto et al., 1996; Okubo et al., 1992; Tzounis et al., 2008, 3 
2010). However, there is limited information regarding the polyphenols-tolerant or 4 
polyphenols-resistance bacteria present in gastrointestinal tract. In this study, we isolated 5 
and identified phenolic tolerant-strains among facultative anaerobe and aerobe populations. 6 
We also evaluated their resistance to the two phenolic extracts tested.  7 
 8 
In general, results obtained by culturing in selective media shown that Vitaflavan® 9 
exhibited stronger inhibitory effect than Provinols™, especially in Staphylococcus group. 10 
Different response in bacterial group toward both phenolic extracts might be explained to 11 
some extent by differences in their composition. In order to identify susceptible or tolerant 12 
bacteria to phenolic extracts, representative colonies grew in medium with and without 13 
phenolic extracts were picked and transferred to TSA plates and subsequently identified by 14 
MALDI-TOF-MS. The application of this method for clinical isolated identification has 15 
increased in last years because of provides fast and reliable results (Ferreira et al., 2010; 16 
Dubois et al., 2009; Carbonnelle et al., 2010; Van Veen et al., 2010). Identification results 17 
showed that predominant bacteria in faecal samples were E. coli, E. faecalis and E. 18 
faecium. This result is in line with Simon and Gorbach. (1984) who reported that member 19 
of genus Escherichia, Enterobacter, Enterococcus, Klebsiella, Lactobacillus and Proteus 20 
are among predominant aerobe and facultative anaerobe populations in human intestinal 21 
microbiota. In the other hand it was observed that both phenolic extracts led a slightly 22 
decrease in diversity of bacteria which could be indicating that some species of intestinal 23 
microbiota are susceptible to extracts assayed.  Most of bacteria isolated from Vitaflavan® 24 
plates, called Vitaflavan®-tolerant strains, belonged to Enterobacteriaceae family. The 25 
high content in procyanidin in Vitaflavan® composition could be responsible of this 26 
selective effect. This finding is in line with those of Smith et al. (2004) who reported that 27 
condensed tannins (proanthocyanidins) selected the growth of Enterobacteriaceae and 28 
Bacteroides species. These results differs from those published by Yamakoshi et al. (2001) 29 
who found that the intake of proanthocyanidin-rich extract from grape seed led to a 30 
decrease in the Enterobacteriaceae species. 31 
 32 
The MIC values of selected bacteria showed that the resistance of Gram-negative to 33 
both phenolic extracts was higher than Gram-positive bacteria (Table 2). Among the Gram 34 
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negative test bacteria, all of them were more resistance to Vitaflavan® (MIC: ≥10 mg/ml) 1 
than Provinols™ (MIC: ≥8 mg/ml), with the exception of Klebsiella oxytoca strains.  2 
These results highlight the greater resistance to phenolic extracts towards 3 
Enterobacteriaceae family members. In contrast, the most of Gram positive bacteria tested 4 
were more resistance to Provinols™ than Vitaflavan®. These variations in antimicrobial 5 
activities might be expected to be attributable to both differences in composition of the 6 
extracts and in cell surface structures between Gram-negative and Gram-positive species 7 
(Tabasco et al., 2011; Cueva et al., 2010). Concerning to Staphylococcus group, MIC 8 
values showed that most of them were susceptible to 1mg/ml of Vitaflavan®, which might 9 
be explain to some extent the inhibitory effect that it was observed in Staphylococcus 10 
bacterial population after incubating faecal samples with Vitaflavan®. It has been reported 11 
that high procyanidin content in grape seed extract exhibit inhibitory effect on the growth 12 
of S. aureus, Streptococcus pyogenes, S. epidermidis and Haemophilus influenzae (Mayer 13 
et al., 2008). A recent study has also showed that Vitaflavan® is able to inhibit 14 
Lactobacillus spp and Streptococcus salivarius strains, according with finding of our study 15 
(Tabasco et al., 2011). In addition to procyanidin, Vitaflavan® is enriched in other 16 
compounds with antimicrobial activity, such as (+)-catechin, (-)-epicatechin, (-)-17 
epicatechin-3-O-gallate and gallic acid (Lee et al., 2006; Rodríguez-Vaquero et al., 2007; 18 
Rauha et al., 2000; Cueva et al., 2010; Shoko et al., 1999; Ikigai et al., 1993) which could 19 
not be ruled out that exerted a synergistic effect.  20 
 21 
Among the predominant bacteria in faecal samples, it was observed that E. coli 22 
strains were the most resistance for both extracts, especially against Vitaflavan®. The 23 
resistant phenotype in E. coli strains has been related to the expression of a complex set of 24 
transcriptional responses for maintaining the integrity of the cell membrane (Smith et al., 25 
2005). It has also been proposed several mechanisms, such as modification and 26 
degradation of polyphenols, interaction of polyphenols with membranes, cell walls and/or 27 
extracellular proteins and metal ion quelation which may be used to Gram-negative 28 
bacteria, including E. coli, to overcome inhibitory effects of dietary polyphenols (Smith et 29 
al., 2005). In addition, has been reported that the increasing the oxidative stress response 30 
under aerobic conditions it was selected proanthocyanidins-resistant E. coli strains (Smith 31 
et al., 2004). On the other hand, it was also observed that there were not significant 32 
differences in pattern resistance to both extracts between Vitaflavan®-tolerant strains and 33 
Provinols™-tolerant strains. However, it was surprising to find that the most of Gram-34 
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negative bacteria tested, including E. coli strains, were slightly more susceptible to 1 
Provinols™ in spite of the fact that its total phenolic content was lower than Vitaflavan®.  2 
A possible explanation might be that the low procyanidin content of Provinols™ it is not 3 
able to induce oxidative stress response able to select resistance strains. 4 
 5 
Results obtained for Gram-positive bacteria, E. faecalis and E. faecium shown that 6 
both were more susceptible to Vitaflavan®. These results are in accordance with many 7 
previous studies which have reported that higher susceptibility of Gram-positive bacteria to 8 
polyphenols, which was related with their absence of protective outer membrane (Ikigai et 9 
al., 1993; Shan et al., 2007). It was also observed that Vitaflavan® and Provinols™-10 
tolerant strains did not produce significant changes in pattern resistance in E. faecium 11 
strains, however, Provinols™-tolerant E. faecalis showed more resistance to both extracts 12 
than Vitaflavan®-tolerant E. faecalis. This result suggests that anthocyanins, which are 13 
only present in Provinols™, may select resistance E. faecalis strains. It has been known 14 
that E. faecalis and E. faecium species belong to common microbiota present in healthy 15 
human intestine; however, they also have responsible of many nosocomial infections due 16 
to the development of resistant phenotype strains (Ruiz-Garbajosa et al., 2009). Therefore, 17 
from a clinical point of view it is interesting to know whether specific food components are 18 
able to modify resistance of intestinal bacteria. 19 
 20 
The inhibitory effect of polyphenols on bacteria could be considered specific to 21 
species, however, our results shown that the effects of phenolic extracts are strain-specific, 22 
which could be relating with inter-individual differences among volunteers. Similarly, 23 
Tabasco et al. (2011) found that several species of Lactobacillus plantarum were inhibit to 24 
different extent by a grape seed extract.   25 
 26 
Nowadays the information about the polyphenols-tolerant or resistant bacteria in 27 
human intestine as well as the mechanisms responsible for the development the tolerance 28 
or resistance to polyphenols is scarce. Some authors have proposed that a common dietary 29 
phenolic may be the responsible to selected polyphenols-tolerance strains of intestinal 30 
microbiota (Lee et al. (2006). On the other hand, a recent study of Kemperman et al. 31 
(2010) has found that a long-term exposure to polyphenols might be needed to induce 32 




The importance of this study is generated from the fact that has provided a high 1 
number of polyphenols-tolerant bacteria among culturable anaerobe facultative and aerobe 2 
population. However, further investigations are necessary to investigate whether these 3 
bacteria are able to metabolize phenolic extracts leading to microbe-derived metabolites 4 
able to exert health benefits, as well as the mechanism by which bacteria resist the 5 
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Figure 1. Growth of faecal microorganisms in the absence (a) and presence of  (b) 3 
Vitaflavan® (1mg/ml) in Manitol Salt Agar. 4 
 5 
Figure 2. Resistance of E. coli, E. faecalis and E. faecium tolerant strains against 6 
Vitaflavan® and Provinols™. 7 
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Vitaflavan®     Provinols™ 
Flavan-3-ols and others mg/g (± SD) mg/g (± SD) 
Gallic acid 9.11 ± 0.10 1.06± 0.05 
(+)-Catechin 74.57 ± 0.09 9.90± 0.32 
(-)-Epicatechin 67.68 ± 0.75 6.87± 0.15 
(-)-Epicatechin-3-O-gallate 26.21 ± 0.41 0.226± 0.018 
B1 60.99 ± 1.42 11.1± 0.1 
B1-3-O-gallate 0.32 ± 0.04 - 
B2 45.13 ± 0.95 4.69± 0.10 
B3 20.39 ± 0.33 1.23± 0.02 
B4 15.04 ± 0.13 0.827± 0.018 
B2-3-O-gallate 1.80 ± 0.06 0.0271± 0.0106 
B2-3’-O-gallate 1.61 ± 0.00 0.0258± 0.0028 
C1 7.07 ± 0.08 1.07± 0.04 
T2 6.81 ± 0.06 1.24± 0.09 
Anthocyanins   
Delphinidin-3-glucoside - 0.568 ± 0.012 
Cyanidin-3-glucoside - 0.265 ± 0.010 
Petunidin-3-glucoside - 1.47 ± 0.03 
Peonidin-3-glucoside - 1.78 ± 0.01 
Malvidin-3-glucoside - 9.01 ± 0.50 
Malvidin-3-(6´´-acetyl)-glucoside - 1.92 ± 0.02 
Malvidin-3-(6´´-p-coumaroyl)-glucoside - 1.24 ± 0.01 
Malvidin-3-(6´´-p-coumaroyl)-glucoside - 1.24 ± 0.01 
Mean value (n=2) ± SD 3 
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Table 2. Isolated bacteria from faeces samples cultivated with sterile water (control), 1 
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Strain Control Vitaflavan® Provinols® 
Aerococcus viridans 1   
Anaerococcus sp 2   
Bacillus subtilis 1   
Citrobacter freundii 1  1 
Citrobacter youngae  1  
Corynebacterium xerosis  1  
Enterococcus avium 1 1 2 
Escherichia coli 16 (21)(a) 22 (27) 15 (18) 
Enterococcus faecalis 6 (8) 8 (10) 8 (10) 
Enterococcus faecium 25 (33) 38 (46) 39 (47) 
Enterococcus gallinarum  1  
Enterococcus hirae 1   
Enterococcus wikkiensis   1 
Enterobacter cloacae  1  
Enterobacter sp 1   
Klebsiella   1 
Klebsiella oxytoca  1 1 
Klebsiella pneumoniae 2   
Lactobacillus sakei   1 
Lactococcus garviae 1  1 
Lactobacillus plantarum 1   
Leuconostoc lactis  1  
Micrococcus luteus 3  1 
Pseudomona aeruginosa   1 
Raoultella ornithinolytica 1   
Shigella spp  1  
Staphylococcus aureus 1   
Staphylococcus capitis   1 
Staphylococcus epidermidis 1 1 3 
Staphylococcus equorum 2   
Staphylococcus hominis 1 1 1 
Streptococcus salivarius  1  
Uncultured 7 3 5 
Weissella viridescens 1  1 


















































Strain Vitaflavan® Provinols® 
Gram negative   
Citrobacter freundii 1 > 10 8 
Citrobacter freundii 2 > 10 8 
Citrobacter youngae > 10 8 
Enterobacter cloacae > 10 > 10 
Enterobacter sp > 10 9 
Klebsiella > 10 > 10 
Klebsiella oxytoca 1 10 10 
Klebsiella oxytoca 2 5 7 
Klebsiella pneumoniae > 10 9 
Raoultella ornithinolytica > 10 > 10 
Shigella spp > 10 8 
Gram positive   
Aerococcus viridans 1 5 
Anaerococcus sp 1 1 3 
Anaerococcus sp 2 2 4 
Enterococcus avium 1 3 5 
Enterococcus avium 2 1 3 
Enterococcus avium 3 > 10 8 
Enterococcus avium 4 1 4 
Enterococcus gallinarum 1 5 
Enterococcus hirae 7 5 
Enterococcus wikkiensis 2 1 
Lactobacillus sakei 2 4 
Lactococcus garviae 1 1 4 
Lactococcus garviae 2 1 4 
Leuconostoc lactis 2 3 
Micrococcus luteus 1 3 
Staphylococcus capitis 1 3 
Staphylococcus epidermidis 1 2 4 
Staphylococcus epidermidis 2 > 10 9 
Staphylococcus epidermidis 3 1 4 
Staphylococcus equorum 1 2 4 
Staphylococcus equorum 2 1 1 
Staphylococcus hominis 1 1 2 
Staphylococcus hominis 2 4 4 
Streptococcus salivarius 1 3 
Weissella viridescens 1 1 2 


























































































































































































V. DISCUSIÓN GENERAL 
 
Los estudios de la interacción vino-salud han cobrado un creciente interés en los 
últimos años, y los consumidores son cada vez más conscientes de la importancia de la 
calidad de vida a través de la alimentación. En este contexto, cabe destacar la gran 
relevancia que tiene el hecho de que, el beneficio para la salud de un determinado 
alimento, esté respaldado por evidencias científicas sólidas. Con el objetivo general de 
avanzar en el conocimiento de los beneficios para la salud del consumo moderado de 
vino, por un lado, se ha planteado la búsqueda de estrategias naturales para mejorar 
la calidad sanitaria del vino, y por otro, la evaluación de la capacidad de los 
polifenoles del vino para modular la microbiota humana. 
 
El trabajo de investigación de esta Tesis Doctoral se ha estructurado en dos 
partes bien diferenciadas. En la primera parte, que engloba las Publicaciones IV.1.1 y 
IV.1.2., se llevó a cabo el aislamiento e identificación molecular de hongos del 
ecosistema de la vid, como una nueva estrategia natural para la búsqueda de 
actividades biológicas que mejoren la calidad de los alimentos, entre ellos el vino. Las 
actividades biológicas examinadas se refieren a la capacidad de los hongos para 
producir enzimas amino oxidasas y metabolitos antimicrobianos. Para la consecución 
de estos objetivos se emplearon técnicas microbiológicas (aislamiento de hongos, 
técnica de microdilución), moleculares (PCR, secuenciación, análisis filogenético) y 
analíticas (RP-HPLC, HPLC-MS). Los resultados relativos a los hongos de la vid con 
capacidad para degradar aminas biógenas en vinos se han protegido bajo patente (ES 
201131620). 
 
Por otro lado, la segunda parte de la Tesis Doctoral, que engloba las 
Publicaciones IV.2.1, IV.2.2,  IV.2.3,  IV.2.4,  IV.2.5 y IV.2.6, tuvo como principal 
objetivo aportar nuevas evidencias científicas sobre los efectos en la salud derivados 
de la modulación de la microbiota humana por polifenoles del vino. Para ello, se 
evaluó la capacidad de compuestos y extractos obtenidos de uva y vino, para modular 
la microbiota de la cavidad oral y del colon. Para el desarrollo de esta parte del 
trabajo, se utilizaron técnicas microbiológicas (técnica de microdilución y dilución en 
agar, ensayos de simulación de la fermentación colónica), moleculares (PCR, 





V.1. Actividades biológicas de los hongos de la vid 
  
Para el desarrollo de esta parte del trabajo fue necesario, en primer lugar, la 
creación de una colección de hongos procedentes del ecosistema de la vid. Para ello, se 
realizó un muestreo de plantas y suelos de viñedos en cuatro regiones geográficas de 
España, a partir de las cuales se aislaron 290 cepas de hongos filamentosos (69 y 64 
géneros identificados y sin identificar respectivamente), lo que indica que el 
ecosistema de la vid es una fuente importante de hongos, siendo Phoma spp., 
Alternaria spp., y Fusarium spp. los géneros más abundantes. Esta distribución de 
hongos concuerda con los datos obtenidos por Halleen y col. (2003), en otras vides. 
Mediante el análisis filogenético, se demostró a su vez que los hongos de la vid se 
agrupan en dos ramas principales; en la primera predominaban los hongos 
pertenecientes a la clase Sordariomycetes, mientras que en la segunda, que a su vez 
se subdividió en otras dos ramas e incluyó la mayoría de los hongos, pertenecían a las 
clases Sordariomycetes, Dothideomycetes, Euromycetes y Agaromycetes.  
 
Los hongos de la vid se utilizaron para evaluar diferentes actividades biológicas 
de gran interés en la industria alimentaria, como son la capacidad para degradar 
aminas biógenas, y la producción de compuestos con actividad antimicrobiana frente a 
patógenos causantes de enfermedades y/o intoxicaciones alimentarias. 
 
Es bien conocido que los hongos disponen de una maquinaria enzimática muy 
potente que les convierte en uno de los principales microorganismos diana para la 
producción de enzimas de interés en la industria alimentaria. En el presente estudio 
se evaluó, en primer lugar, la capacidad de 44 hongos de la vid para degradar las 
aminas biógenas más abundantes en vinos (histamina, tiramina y putrescina) en 
medio sintético. Los resultados revelaron que la mayoría de los hongos degradaban 
prácticamente por completo las tres aminas biógenas de estudio, lo que probablemente 
se debía a la presencia de enzimas con actividad amino oxidasa. La distribución de 
estas enzimas en hongos filamentosos se ha descrito con anterioridad (Yamada y col., 
1965, 1966, 1972; Adachi y Yamada, 1970; Isobe y col., 1982; Frébort y col., 1996, 
1997), sin embargo, éste constituye el primer estudio acerca de su existencia en 
hongos del ecosistema de la vid. En base a los resultados obtenidos, los hongos que 





Alternaria spp., Penicillium citrinum, Phoma spp., E. nigrum y U. chartarum, fueron 
seleccionados, junto con otros dos microorganismos GRAS (Aspergillus oryzae CECT 
2094 y Penicillium roquefortii CECT 2905), para un segundo estudio, con el objetivo 
de confirmar la capacidad para degradar aminas de los primeros y evaluar dicha 
capacidad en los segundos. Los resultados mostraron que, casi en su totalidad, todos 
los hongos mantenían su capacidad para degradar aminas, siendo Penicillium 
citrinum CIAL-274,760 (CECT 20782) el más activo. Por otro lado, P. roqueforti CECT 
2905 fue capaz de degradar las tres aminas de estudio, lo que unido a su condición de 
microorganismo GRAS facilitaría su potencial aplicación en alimentación humana.  
 
Los resultados obtenidos en los dos primeros ensayos pusieron de manifiesto la 
eficacia de Penicillium citrinum CIAL-274,760 para degradar aminas biógenas. Es por 
ello que este hongo fue seleccionado para evaluar su capacidad para detoxificar vinos 
(vino tinto, vino blanco y vino sintético) con alto contenido en aminas biógenas. Los 
resultados mostraron que Penicillium citrinum disminuía el contenido de aminas 
biógenas de todos los vinos, si bien el porcentaje de degradación variaba en función del 
tipo de vino, así como de la amina utilizada como fuente de nitrógeno para la 
inducción de la actividad enzimática de interés. En este sentido, los extractos fúngicos 
inducidos con histamina fueron los más eficaces para los tres vinos, en especial para el 
vino blanco y el sintético. El mayor contenido en compuestos fenólicos en el vino tinto 
podría interferir en la actividad amino oxidasa (Moreno-Arribas y col., 2009), lo que 
explicaría el menor porcentaje de degradación de esta amina en los vinos tintos. Por 
otro lado, el proceso de filtración utilizado en el presente trabajo para la obtención de 
los extractos fúngicos, sugiere que las enzimas con actividad amino oxidasa están 
activas en el medio de cultivo. De acuerdo a esto, es posible inferir que las amino 
oxidasas de Penicillium citrinum estén localizadas en la parte externa de la pared 
celular, donde actuarían como un mecanismo de detoxificación para la entrada de 
aminas en la célula, y en consecuencia, de prevención de daño celular (Frébort y col., 
2000). Otro hallazgo importante, lo constituye el hecho de que los extractos fúngicos 
de Penicillium citrinum son capaces de reducir la concentración de las principales 
aminas biógenas presentes en vinos sin la necesidad de oxígeno molecular en el 
medio, salvando de esta forma la principal limitación de la patente europea 
(EP0132674A2, 1985), y mostrando su utilidad en vinos al final del proceso de 





relevancia para el sector enológico, se han protegido bajo patente. A su vez, la especie 
Penicillium citrinum CIAL-274,760 se ha depositado en la Colección Española de 
Cultivos Tipo (CECT) (Penicillium citrinum CECT 20782). 
 
Paralelamente a la evaluación de la capacidad de los hongos de degradar aminas 
biógenas, se realizó otro estudio para determinar el potencial de los hongos de la vid 
de producir compuestos con actividad antimicrobiana frente a microorganismos 
causantes de enfermedades y/o intoxicaciones alimentarias. A su vez, el interés se 
centró en comprobar si estos compuestos podían afectar al crecimiento de bacterias 
beneficiosas para el hombre como son las bacterias probióticas. Para este estudio se 
seleccionaron un total de 182 hongos, que tras ser sometidos a diferentes 
experimentos de fermentación y una vez procesados, dieron lugar a 1456 extractos 
fúngicos. La actividad antimicrobiana de estos extractos fúngicos se evaluó, siguiendo 
la técnica de microdilución, frente a cinco microorganismos patógenos (S. aureus 
EP167, A. baumanii, P. aeruginosa PAO1, E. coli O157:H7 y C. albicans MY1055) y 
dos bacterias probióticas (L. plantarum LCH17 y L. brevis LCH23). Los resultados 
mostraron que del total de extractos ensayados, 71 eran activos frente a 
microorganismos patógenos, pero no frente a las bacterias probióticas ensayadas. 
Dentro de éstos, 13 mostraron actividad frente a dos o más microorganismos 
patógenos, mientras que el resto lo fue frente a un solo microorganismo. La 
identificación molecular de estos hongos reveló que la mayoría pertenecían a las 
clases Dothideomycetes y Sordariomycetes. A nivel más particular cabe mencionar 
que, en general, los hongos de los órdenes Pleosporales e Hypocreales eran los que 
mostraban los mejores valores de actividad antifúngica y antibacteriana, 
respectivamente, lo que está en consonancia con los datos descritos en la bibliografía 
por otros autores (Peláez y col., 1998; Suay y col., 2000). En relación a las cepas 
patógenas ensayadas, la bacteria Gram-positiva, S. aureus, fue más susceptible a la 
acción de los extractos fúngicos que las bacterias Gram-negativas, A. baumanii, E. coli 
O157:H7 y P. aeruginosa PAO1, las cuales disponen de una membrana externa que 
actúa de barrera frente al paso de sustancias, confiriéndolas una resistencia 
intrínseca frente a los compuestos antimicrobianos (Perry y col., 2009). En el caso de 
la levadura C. albicans MY1055, presenta una pared celular constituida 
principalmente por glucanos, quitina y proteínas (Pontón, 2008), que también supone 






En la actualidad, S. aureus es uno de los microorganismos que más problemas 
genera tanto a nivel clínico como en el sector alimentario (Bore y col., 2007). Respecto 
a las bacterias Gram-negativas, E. coli O157:H7, provoca cuadros de colitis 
hemorrágica y síndrome hemolítico urémico (Charimba y col., 2010) y P. aeruginosa y 
A. baumanii, son la causa de múltiples infecciones a nivel hospitalario (Bergogne-
Bérézin y col., 1996). Por otro lado, el consumo de alimentos contaminados con C. 
albicans se asocia con infecciones a nivel de la boca (Rauha y col., 2000). En el lado 
opuesto a las bacterias patógenas, se sitúan las bacterias probióticas (i.e. L. 
plantarum LCH17 y L. brevis LCH23), que se caracterizan por ejercer efectos 
beneficiosos sobre la salud del ser humano, como son la restauración de la 
homeostasis microbiana a través de interacciones microbio-microbio y la inhibición de 
microorganismos patógenos (Leeber y col., 2008). Esta capacidad ha sido aprovechada 
por la industria alimentaria para la conservación de alimentos, sin embargo, no 
siempre es posible evitar su contaminación por microorganismos patógenos, de ahí la 
importancia de seleccionar compuestos naturales que, añadidos a los alimentos, 
muestren un efecto sinérgico en la acción de las bacterias probióticas frente a los 
microorganismos patógenos. Por tanto, los extractos activos de nuestro estudio 
constituyen una fuente de potenciales compuestos que podrían cumplir esta función. 
 
Por último, y con el objetivo de identificar los metabolitos responsables de los 
efectos observados en los extractos fúngicos activos, se llevó a cabo su análisis 
mediante cromatografía de líquidos de alta eficacia acoplada a espectrometría de 
masas (HPLC-MS). En total se identificaron 13 compuestos conocidos, así como otros 
que no habían sido descritos con anterioridad y que por tanto son buenos candidatos 
para ser purificados y evaluados. Es importante mencionar que la mayoría de los 
extractos que contienen los compuestos identificados sólo resultaron activos frente a 
un microorganismo, lo cual podría reflejar que la actividad antimicrobiana ejercida 
por ese extracto se deba a un único compuesto (Pélaez y col., 1998). En relación a las 
actividades biológicas de los compuestos identificados (ej. ácido astérrico, eniantinas, 
roridinas y ergosterol), se ha descrito que pueden funcionar como inhibidores de la 
unión a endotelina y anticancerígenos entre otras (Ohashi y col., 1992; Yazawa y col., 
2000; Lee y col., 2002; Amagata y col., 2003; Dornetshuber y col., 2007; Wätjen y col., 





manifiesto que los compuestos presentes en los extractos activos podrían ser útiles 
como potenciales aditivos en la industria alimentaria, en la medida que son capaces 
de inhibir el crecimiento de microorganismos patógenos de alimentos, sin que a su vez 
esto repercuta sobre las bacterias probióticas, aunque se hacen necesarios más 
estudios. En esta línea, Liu y col. (2008) mostraron que un compuesto producido por el 
hongo Xylaria sp. (7-amino-4-metilcumarin) podría ser utilizado como aditivo en la 
industria alimentaria.  
 
En conjunto, los resultados obtenidos abren una nueva línea de investigación 
sobre las actividades biológicas de los hongos de la vid, la cual podría ser de interés 
para la industria alimentaria, incluido el sector enológico.  
 
 
V.II. Modulación de la microbiota humana por polifenoles del vino 
 
A los compuestos fenólicos o polifenoles se les han atribuido muchas de las 
propiedades saludables derivadas del consumo moderado de vino, entre las que los 
efectos cardioprotectores han sido los más estudiados (Renaud y De Lorgeril, 1992; 
Dávalos y Lasunción, 2009). Un aspecto menos conocido respecto a la bioactividad de 
los polifenoles del vino y que constituye uno de los ejes principales de la presente 
Tesis Doctoral, es la interacción de estos compuestos con la microbiota humana (oral e 
intestinal), que engloba tanto el efecto de los compuestos fenólicos sobre las bacterias 
como el metabolismo microbiano de los compuestos fenólicos.  
 
La cavidad oral aloja una microbiota residente muy diversa constituida 
principalmente por bacterias anaerobias, sin embargo también puede albergar 
bacterias que causan infecciones del tracto respiratorio (Paju y Scannapieco, 2007; 
Zuanazzi y col., 2010), especialmente en personas con escasa higiene bucal y 
periodontitis (Zuanazzi y col., 2010). Por otro lado, las uvas y los vinos son una fuente 
importante de compuestos fenólicos, entre los que se encuentran los ácidos 
hidroxicinámicos (ácido cafeico) e hidroxibenzoicos (ácido gálico) y sus derivados (etil 
galato), alcoholes fenólicos (tirosol y triptofol), monómeros de flavan-3-oles ((+)-
catequina y (-)-epicatequina), procianidinas oligoméricas y poliméricas, flavonoles, 





2003). A pesar de los numerosos trabajos científicos que avalan las propiedades 
antimicrobianas de estos compuestos (Jayaprakasha y col., 2003; Ozkan y col., 2004), 
apenas existe información acerca de su efecto en microorganismos patógenos de la 
cavidad oral (Requena y col., 2010). Es por ello, que nuestro primer objetivo fue 
evaluar la actividad antimicrobiana de compuestos fenólicos puros y extractos 
fenólicos de origen enológico frente a microorganismos patógenos respiratorios que 
pueden colonizar la cavidad oral (Publicación IV.2.1).  
 
Para este estudio se seleccionaron 7 compuestos fenólicos, (+)-catequina, (-)-
epicatequina, tirosol, triptofol, ácido gálico, etil galato y ácido cafeico, que eran 
representativos de los polifenoles presentes habitualmente en vinos, y 6 extractos 
fenólicos de distinto origen y composición (Vitaflavan®, GSE-O, GSE-M, Provinols™, 
Eminol® y Revidox®). Los microorganismos utilizados fueron M. catarrhalis, P. 
aeruginosa PAO1, E. faecalis V583, S. aureus ATCC 25923, Streptococcus spp Grupo 
F, S. agalactiae y S. pneumoniae. La actividad antimicrobiana se determinó mediante 
la técnica de microdilución. Los resultados se expresaron con el parámetro IC50, que 
permite una mejor comparación de los resultados, así como una medida más exacta 
del efecto de los compuestos/extractos (García-Ruiz y col., 2011).  
 
Los resultados de actividad antimicrobiana de los compuestos fenólicos 
mostraron que los compuestos no flavonoideos (ácido gálico, etil galato, ácido cafeico, 
tirosol y triptofol) eran más activos que los compuestos flavonoideos ((+)-catequina y (-
)-epicatequina), lo que está de acuerdo con los datos encontrados para las bacterias 
intestinales (Publicación IV.2.2). En particular, el ácido gálico y el etil galato fueron 
los compuestos con mayor actividad antimicrobiana, lo cual podría estar relacionado 
con la presencia en estos compuestos de un grupo 3,4,5-trihidroxifenil (grupo 
pirogalol) y un grupo etilo en el caso del etil galato (Caturla y col., 2003; Taguri y col., 
2006). Además, es importante destacar que la actividad antimicrobiana de estos 
compuestos podría ser fisiológicamente relevante a nivel de la cavidad oral, ya que sus 
valores de IC50 son más bajos que la concentración estimada en 250 mL de vino tinto 
(1 vaso de vino) (García-Ruiz y col., 2008). En referencia a la actividad antimicrobiana 
de los extractos fenólicos, los procedentes de pepitas de uva (Vitaflavan®, GSE-M, 
GSE-O) y vino (Provinols™) fueron los más activos, con un claro predominio de los 





antimicrobiana de extractos de pepita de uva frente a Listeria monocytogenes es 
mayor que la de extractos obtenidos de otras partes de la baya (Anastasiadi y col., 
2009). Entre los factores que podrían influir en la actividad antimicrobiana de los 
extractos destacan la composición y estructura de sus compuestos fenólicos (Bubonja-
Sonje y col., 2011). Esto, unido a un posible efecto sinérgico (Rodríguez-Vaquero y col., 
2010) de los principales compuestos que forman los extractos podría explicar, al 
menos en parte, la mayor actividad antimicrobiana de los extractos fenólicos en 
comparación con los compuestos puros. En cuanto a la susceptibilidad de las cepas 
ensayadas, en general, las bacterias Gram-negativas fueron más susceptibles que las 
Gram-positivas, aunque también el efecto de los compuestos y extractos sobre su 
crecimiento fue especie-dependiente, lo que podría deberse a las diferencias existentes 
en la estructura de la superficie celular entre las bacterias Gram-positivas y Gram-
negativas (Helander y col., 1998; Shan y col., 2007). Por otro lado, un estudio reciente 
(Saavedra y col., 2010) ha descrito la existencia de un efecto sinérgico entre el 
antibiótico estreptomicina y algunos compuestos fenólicos frente a bacterias Gram- 
negativas. Desde un punto de vista clínico, este hallazgo posibilitaría disminuir la 
concentración de antibiótico necesaria para controlar las infecciones de la cavidad 
oral. En este contexto, M. catarrhalis constituiría una diana de gran interés, ya que es 
el patógeno respiratorio más frecuente en la población adulta e infantil (Sarubbi y col., 
1990), y a su vez, como ha quedado patente en nuestro estudio, muestra una gran 
susceptibilidad a la acción de los compuestos y extractos fenólicos (Ayaz y col., 2008). 
En conclusión, los resultados de este estudio demuestran que los compuestos fenólicos 
del vino, así como los extractos de pepita de uva y vino, son capaces de inhibir el 
crecimiento de patógenos respiratorios, y que por tanto podrían constituir una vía de 
interés a nivel clínico para mejorar la higiene de la cavidad oral. 
 
A nivel del intestino, la microbiota está constituida por bacterias anaerobias 
estrictas, anaerobias facultativas y aerobias, con un claro predominio de las primeras 
(Delgado y col., 2006; Guarner, 2006). El metabolismo de los flavan-3-oles, que son 
uno de los principales grupos de compuestos fenólicos presentes en las uvas y el vino, 
a cargo de la microbiota intestinal da lugar a toda una serie de ácidos fenólicos y otros 
compuestos que pueden tener mayor actividad a nivel fisiológico que los precursores 
(Williamson y Clifford, 2010; Monagas y col., 2010). Es por ello, que otro de nuestros 





fenólicos procedentes del metabolismo microbiano de flavan-3-oles, sobre 
microorganismos beneficiosos, inocuos y patógenos que colonizan el intestino 
(Publicación IV.2.2). Para este estudio se seleccionaron 13 ácidos fenólicos, 
representativos de las principales estructuras fenólicas encontradas en el agua fecal 
humana (Jenner y col., 2005), y 4 estructuras de flavan-3-oles presentes en el vino 
((+)-catequina, (-)-epicatequina y procianidinas B1 y B2). La actividad antimicrobiana 
de estos compuestos se evaluó, siguiendo la técnica de microdilución, frente a un panel 
de 12 microorganismos entre los que se encontraban colonizadores habituales del 
intestino como E. coli (cepa inocua) y las bacterias lácticas, así como otros 
microorganismos patógenos oportunistas como algunas cepas patógenas de E. coli, S. 
aureus EP167, P. aeruginosa y C. albicans MY1055. Los resultados de actividad 
antimicrobiana mostraron que los ácidos fenólicos más activos frente a todas las cepas 
de E. coli eran, por este orden, los ácidos benzoico, fenilacético y fenilpropiónico. Por 
otro lado, S. aureus resultó susceptible a todos los ácidos, mientras que C. albicans 
MY1055 sólo fue inhibida por el ácido benzoico y el ácido fenilpropiónico, y P. 
aeruginosa PAO1 resultó resistente a todos ellos. En el caso de las bacterias lácticas el 
compuesto más activo fue el ácido 4-hidroxibenzoico, a excepción de L. coryniformis 
CECT 5711 y L. fermentum CECT 5746, para las cuales los compuestos más activos 
fueron el 4-hidroxibenzoico y el fenilpropiónico, y el 3-hidroxifenilpropiónico, 
respectivamente. En cuanto a los precursores de los ácidos fenólicos, los monómeros y 
dímeros de flavan-3-oles (procianidinas) tan sólo resultaron activos frente a las cepas 
más susceptibles, esto es, E. coli lpxC/tolC y L. paraplantarum LCH7. La mayor 
actividad antimicrobiana de los ácidos fenólicos en comparación con sus precursores 
coincide con lo descrito en la bibliografía por otros autores (Rauha y col., 2000; 
Puupponen-Pimiä y col., 2001; Lee y col., 2006; Si y col., 2006; Taguri y col., 2006; 
Rodríguez-Vaquero y col., 2007; Shan y col., 2007), sin embargo, hasta ahora este 
aspecto no había recibido especial atención debido a que las diferencias existentes 
entre las cepas utilizadas y el método de medida empleado dificultaban la 
comparación de resultados. Por otro lado, el análisis estadístico reveló que la actividad 
antimicrobiana de los compuestos fenólicos era dependiente de su estructura química, 
así como de las características intrínsecas de cada cepa. En conclusión, los resultados 
de este estudio ponen de manifiesto que los ácidos fenólicos procedentes de 
metabolismo microbiano de flavan-3-oles del vino inhiben selectivamente el 





metabólica de la microbiota intestinal, incluyendo el metabolismo de los compuestos 
fenólicos.  
 
Para confirmar el potencial efecto modulador de los ácidos fenólicos sobre la 
microbiota intestinal, son necesarios estudios que evalúen de forma integrada tanto el 
efecto de los compuestos fenólicos sobre la microbiota, como el metabolismo 
microbiano de los compuestos fenólicos. En líneas generales, éste fue el objetivo de los 
estudios que nos planteamos a continuación (Publicaciones IV.2.3, IV.2.4 y IV.2.5). 
Para todos ellos se utilizó un sistema de fermentación in vitro con heces humanas que 
refleja las condiciones reales a nivel del colon, lugar donde se producen las principales 
transformaciones de los polifenoles de la dieta. En cuanto a los extractos fenólicos 
utilizados para los ensayos, tres de ellos, el Vitaflavan® (Publicación IV.2.3), y las 
fracciones enriquecidas en flavan-3-oles monoméricos (GSE-M) y diméricos (GSE-O) a 
partir del Vitaflavan® (Publicación IV.2.4), procedían de semillas de pepita de uva y 
uno, el Provinols™ (Publicación IV.2.5), de vino tinto. Todos los extractos contenían 
uno de los principales compuestos flavonoideos de los vinos, esto es, los flavan-3-oles, 
y en el caso del Provinols™ también antocianinas. Por tanto, la utilización de estos 
extractos nos permitía evaluar la capacidad de la microbiota intestinal para 
metabolizar los flavan-3-oles y las antocianinas (Provinols™), así como determinar la 
influencia de la composición en flavan-3-oles en el catabolismo microbiano. La 
novedad de estos trabajos con respecto a estudios previos de catabolismo microbiano 
de flavan-3-oles fue que, además de monitorizar los metabolitos formados en el 
transcurso de la fermentación, también se evaluó la desaparición de sus compuestos 
precursores. Esto, unido a la evaluación del efecto de los extractos sobre la microbiota 
intestinal, proporciona una visión integrada de la interacción entre los polifenoles del 
vino y la microbiota intestinal. 
 
Los resultados relativos al catabolismo de los extractos fenólicos por la 
microbiota intestinal mostraron que, en general, la degradación de los flavan-3-oles 
precursores  (Vitaflavan®, GSE-M, GSE-O, y Provinols™) y las antocianinas 
(Provinols™), tenía lugar durante las primeras 10 h de fermentación. Tras este 
periodo, y coincidiendo con la desaparición de los monómeros ((+)-catequina, (-)-
epicatequina y galato de epigalocatequina), dímeros (B1,B2,B3,B4, B2-3-O-galato y 





antocianinas presentes en el vino (delfinidín-3-glucósido, cianidín-3-glucósido, 
petunidín-3-glucósido, peonidín-3-glucósido, malvidín-3-glucósido,  malvidín-3-(6-
acetil)-glucósido y malvidín-3-(6-p-cumaril)-glucósido), se produjo un aumento en la 
concentración de toda una serie de metabolitos intermediarios y de ácidos fenólicos 
(n=19), entre los que destacan la 5-(3´,4´-dihidroxifenil)-γ-valerolactona y el ácido 4-
hidroxi-5-(3´4´-hidroxifenil)-valérico, y los ácidos 3-(3,4-dihidroxifenil)-propiónico, 3,4-
dihidroxifenilacético, 4-hidroximandélico y gálico, respectivamente.  
 
La degradación de los flavan-3-oles precursores del Vitaflavan®, estuvo sujeta a 
una gran variabilidad interindividual, que en el caso concreto de los flavan-3-oles 
galoilados podría deberse a diferencias en la actividad esterasa de la microbiota de los 
diferentes voluntarios. En cuanto a la formación de los metabolitos intermediarios 5-
(3´,4´-dihidroxifenil)-γ-valerolactona y ácido 4-hidroxi-5-(3´4´-hidroxifenil)-valérico, se 
han propuesto diferentes hipótesis, de manera que unas señalan hacia la formación 
simultánea de ambos compuestos (Kohri y col., 2003), mientras que otras se inclinan 
por una interconversión de ambos a favor de la formación del ácido 4-hidroxi-5-(3´4´-
hidroxifenil)-valérico  (Llorach y col., 2010;  Stoupi y col. 2010). La gran variabilidad 
interindividual encontrada en nuestro estudio no nos permitió decantarnos por una u 
otra hipótesis. Se ha descrito que el tipo de microbiota podría influir en que se diera 
una u otra ruta (Stoupi y col., 2010; Takagaki y Nanjo, 2010), lo cual podría explicar, 
al menos en parte, las diferencias encontradas entre los voluntarios.  
 
En relación a los ácidos fenólicos, nuestros resultados mostraron que el ácido 3-
(3,4-dihidroxifenil)-propiónico, uno de los metabolitos más abundantes procedentes del 
catabolismo microbiano de flavan-3-oles (Gonthier y col., 2003; Rios y col., 2003; Ward 
y col., 2004), alcanzaba la máxima concentración tras 10 horas de fermentación, lo 
cual difiere con lo obtenido por Stoupi y col. (2010), quien postuló una formación 
posterior. Este hecho podría responder a diferencias en la composición de los sustratos 
utilizados. Respecto al ácido 3,4-dihidroxifenilacético, algunos estudios sugieren que 
podría formarse mediante α-oxidación de derivados del ácido 3,4-
dihidroxifenilpropiónico (Meselhy y col., 1997; Stoupi y col., 2010), mientras que otros 
sostienen una ruta alternativa en la que dicho metabolito procedería de la ruptura de 
la unidad superior de una procianidina dimérica (Appeldoorn y col., 2009). Los 





dihidroxifenilacético era muy similar a la obtenida para el ácido 3-(3,4-dihidroxifenil)-
propiónico, lo que sería indicativo de una formación simultánea más que posterior. 
Otro metabolito que fue detectado en nuestro estudio fue el ácido 4-hidroximandélico, 
confirmándose que además de proceder de las aminas biógenas (Scheline, 1991), 
también puede hacerlo a partir de compuestos fenólicos (van Dorsten y col., 2009). En 
relación al ácido gálico, se observó que su concentración más alta se obtenía entre las 
5 y las 10 horas de fermentación, coincidiendo a su vez con una disminución de los 
flavan-3-oles monoméricos y diméricos galoilados presentes en el extracto de pepita de 
uva. El catabolismo de los flavan-3-oles galoilados a cargo de esterasas microbianas 
sería el responsable del aumento de ácido gálico. Estos resultados coinciden con los 
obtenidos por otros autores tras la fermentación de té negro y catequinas de té verde 
(Gross y col., 2010; Roowi y col., 2010). Por otro lado, en fases más avanzadas de la 
fermentación (10-48 h), se detectaron reacciones de deshidroxilación que originaron 
las formas monohidroxiladas y sin hidroxilar de los metabolitos mencionados 
anteriormente. En esta fase, también se observó por primera vez en la bibliografía, la 
formación de γ-valerolactona procedente del catabolismo microbiano de flavan-3-oles.  
 
Por último, y con el objetivo de evaluar de forma integrada los cambios 
registrados en el perfil de precursores y metabolitos en el transcurso de la 
fermentación, se llevaron a cabo diferentes tratamientos estadísticos que indicaron 
que la 5-(3´,4´-dihidroxifenil)-γ-valerolactona es un metabolito clave para explicar las 
diferencias interindividuales entre los voluntarios, así como el grado de catabolismo 
microbiano de flavan-3-oles, lo cual en última estancia afectaría a la absorción y 
bioactividad de estos compuestos. De igual manera, Llorach y col. (2010) han sugerido 
que el compuesto 5-(3´,4´-dihidroxifenil)-γ-valerolactona podría ser un posible 
biomarcador de la ingesta de flavan-3-oles. No obstante, y a pesar del evidente 
catabolismo de los flavan-3-oles por la microbiota intestinal, apenas existe 
información acerca de las bacterias responsables de dicho proceso. En este sentido, un 
trabajo de investigación reciente ha demostrado la capacidad de Lactobacillus 
plantarum para metabolizar un extracto de pepita de uva enriquecido en flavan-3-oles 
gracias a sus actividades galoil esterasa, descarboxilasa y alcohol bencil 
deshidrogenasa (Tabasco y col., 2011). En esta línea, Kutschera y col. (2011) han 
encontrado que dos bacterias aisladas del intestino humano, Eggerthella lenta y 





degradación de los flavan-3-oles (+)-catequina y (-)-epicatequina. Por tanto, la 
identificación de las bacterias intestinales capaces de metabolizar los compuestos 
fenólicos constituye un eslabón fundamental para comprender la bioactividad de los 
polifenoles. 
 
Nuestros resultados también mostraron que la diferente composición en flavan-
3-oles de las fracciones (GSE-M y GSE-O) influía en la degradación de los precursores 
y en la formación de los metabolitos fenólicos microbianos derivados de flavan-3-oles 
en las etapas iniciales de la fermentación. Sin embargo, no se observaron diferencias 
significativas entre ambas fracciones para la mayoría de los compuestos, a excepción 
de los flavan-3-oles galoilados y el ácido fenilpropiónico. Como sucedió con el 
Vitaflavan®, las diferencias observadas para los flavan-3-oles galoilados podrían estar 
relacionadas con la actividad tanasa de la microbiota intestinal, de manera que la 
fracción GSE-M, al tener un mayor contenido en (-)-epicatequina-3-O-galato, 
favorecería la actividad tanasa de la microbiota y en consecuencia se produciría una 
degradación más rápida de este precursor. Por otro lado, el catabolismo microbiano 
del GSE-M y del GSE-O dio lugar a la formación de los mismos metabolitos 
microbianos intermediarios y ácidos fenólicos descritos anteriormente para el 
Vitaflavan®, si bien cabe destacar que las reacciones de deshidroxilación que tuvieron 
lugar simultáneamente a la formación de la 5-(3´,4´-dihidroxifenil)-γ-valerolactona, se 
vieron influenciadas, aunque no de forma significativa, por la fracción utilizada. En 
cuanto a los ácidos fenólicos, la formación del ácido 3-(3,4-dihidroxifenil)-propiónico 
estuvo favorecida, en un principio, por el GSE-M, sin embargo, este efecto se perdió 
tras la conversión de éste en el ácido 3-(4-hidroxifenil)-propiónico y ácido 
fenilpropiónico. La formación de este último metabolito a partir del GSE-O fue 
significativamente mayor que para el GSE-M. En el caso del ácido 3,4-
dihidroxifenilacético, tan solo la fracción GSE-O, con mayor contenido en oligómeros, 
produjo un aumento de este compuesto a las 10 h de fermentación. Estos resultados 
están en consonancia con lo propuesto por Appeldorn y col. (2009), que indicaron que 
la formación del ácido 3,4-dihidroxifenilacético tenía lugar exclusivamente a partir del 
catabolismo de la unidad superior de las procianidinas diméricas. Lo mismo sucedió 
en el caso del ácido 3-hidroxifenilacético, sin embargo, para el ácido 4-
hidroxifenilacético y el ácido fenilacético, ambas fracciones produjeron un aumento de 





En conjunto, los resultados del catabolismo de las fracciones GSE-M y del GSE-
M sugieren que la degradación de flavan-3-oles monoméricos y poliméricos siguen 
rutas metabólicas diferentes, lo cual coincide con lo descrito previamente en la 
bibliografía por otros autores (Appeldoorn y col., 2009; Tzounis y col., 2011; Serra y 
col., 2011). Así, la formación de metabolitos durante etapas iniciales de la 
fermentación está favorecida para GSE-M, sin embargo, transcurrida la etapa inicial, 
es GSE-O quien favorece la formación de metabolitos intermedios y finales, lo que 
sugiere que la formación de metabolitos microbianos está directamente relacionada 
con la composición en flavan-3-oles (Gonthier y col., 2003).  
 
Por último, el catabolismo del extracto de vino contempló la degradación de los 
principales flavonoides que lo formaban, esto es, los flavan-3-oles y las antocianinas. 
Los resultados relativos al catabolismo de los flavan-3-oles mostraron que, al 
contrario de lo que sucedía con el extracto de pepita de uva, la degradación de los 
flavan-3-oles galoilados no estaba acompañada de un aumento en la concentración de 
ácido gálico. Por otro lado, la formación de los metabolitos intermediaros, que estuvo 
sujeta a una gran variabilidad interindividual, y los ácidos fenólicos, siguió un patrón 
similar al obtenido con el extracto de pepita de uva, caracterizado por mostrar una 
formación simultánea de los metabolitos intermediarios 5-fenil-γ-valerolactona y ácido 
4-hidroxi-5-(fenil)-valérico, y los ácidos fenólicos 3-(3,4-dihidroxifenil)-propiónico y 3,4-
dihidroxifenilacético. En cuanto a los derivados del ácido fenilpropiónico, se ha 
propuesto que podrían surgir tras la β-oxidación de los ácidos fenilvaléricos, mientras 
que los ácidos fenilacéticos se formarían por α-oxidación de los primeros (Meselhy y 
col., 1997; Stoupi y col., 2010). Resulta importante destacar que, además de flavan-3-
oles, el extracto de vino contiene otros compuestos flavonoides como los flavonoles 
(Monagas y col., 2005), cuyo metabolismo por la microbiota intestinal podría 
contribuir a la formación de ácidos fenilacéticos (Aura, 2008).  
 
En cuanto a las antocianinas, su degradación a cargo de la microbiota intestinal 
puede dar lugar tanto a derivados del ácido benzoico como del floroglucinol (Keppler y 
col., 2005), sin embargo, estos últimos no pudieron ser detectados en nuestro estudio. 
Por el contrario, si se observó la presencia de catecol/pirocatecol. La formación de este 
metabolito puede proceder tanto del catabolismo de flavan-3-oles galoilados como del 





segunda opción, dada la mayor abundancia de estos compuestos en relación a los 
flavan-3-oles galoilados. Respecto al ácido benzoico, su formación fue aumentando 
progresivamente a lo largo del proceso de fermentación, posiblemente como 
consecuencia de reacciones de deshidroxilación de los ácidos benzoicos sin metilar. 
Esta formación de ácidos benzoicos por la microbiota fecal coincide con lo obtenido por 
otros autores tras la ingesta de vino tinto/zumo de uva (van Dorsten y col, 2009). 
 
Paralelamente al estudio del catabolismo de los extractos fenólicos en los 
ensayos de fermentación, se llevó a cabo el análisis de poblaciones bacterianas por 
FISH, con el objetivo de evaluar el efecto de los polifenoles del vino sobre los 
principales grupos bacterianos de la microbiota intestinal. Los resultados mostraron 
que, en líneas generales, todos los extractos de pepita de uva  (Vitaflavan®, GSE-O y 
GSE-M), tendían a promover el crecimiento de los lactobacilos/enterococos y a 
disminuir el de C. histolyticum, sin embargo, estos efectos sólo resultaron 
estadísticamente significativos con GSE-M para los lactobacilos/enterococos a las 5 y 
10 h de fermentación, y con GSE-O para C. histolyticum a las 10 h de fermentación. 
El efecto inhibitorio de GSE-O sobre C. histolyticum podría deberse a su elevado 
contenido en flavan-3-oles con un grado de polimerización > 3 (Mayer y col., 2008). El 
resto de grupos bacterianos estudiados, es decir, Bifidobacterium spp, Bacteroides spp 
y los microorganismos pertenecientes al Dominio Bacteria, no experimentaron 
cambios apreciables a lo largo del proceso de fermentación. Estos resultados están en 
consonancia con los obtenidos por Tzounis y col. (2008, 2011) para la (+)-catequina y 
un extracto de cacao enriquecido en flavan-3-oles, los cuales disminuyen 
significativamente el crecimiento de C. histolyticum y aumentan el de Lactobacillus 
spp y Bifidobacterium spp. Por tanto, existe una clara tendencia de este tipo de 
compuestos fenólicos para modular la microbiota intestinal a favor de las bacterias 
beneficiosas, lo cual podría contribuir a prevenir el desarrollo de algunas 
enfermedades asociadas con alteraciones en la composición de la microbiota como es el 
cáncer de colon (Bik y col., 2009; Joly y col., 2010). 
 
En el caso del extracto de vino tinto no se produjeron cambios significativos en 
los principales grupos bacterianos evaluados, exceptuando una ligera inhibición, 
aunque no significativa, de C. histolyticum en las etapas finales de la fermentación 





con los resultados descritos en la bibliografía para sustratos con alto contenido en 
flavan-3-oles, sin embargo, al contrario que en estos estudios, nuestro extracto de vino 
no promovió el crecimiento del grupo de los lactobacilos y enterococos (Tzounis y col., 
2008; Molan y col., 2011; Tzounis y col., 2011; Viveros y col., 2011). Estas diferencias 
podrían deberse a que la concentración de flavan-3-oles en el extracto de vino no es 
suficiente para provocar cambios significativos en la microbiota, aunque se hacen 
necesarios estudios que contemplen un mayor número de voluntarios.  
 
En conjunto, los resultados de los ensayos de fermentación han puesto de 
manifiesto la capacidad de la microbiota intestinal para metabolizar los compuestos 
fenólicos del vino así como un efecto positivo sobre la microbiota a favor de las 
bacterias beneficiosas. Sin embargo, el análisis estadístico de los resultados no 
permitió establecer ninguna correlación entre los cambios observados en las 
poblaciones microbianas y el perfil metabólico, lo cual podría deberse a la gran 
variabilidad interindividual entre los voluntarios, así como a un período de exposición 
a los extractos relativamente corto (Dolara y col., 2005; Li y col., 2008; van Duynhoven 
y col., 2011). En este sentido, algunos autores han señalado que sólo tras un tiempo de 
exposición prolongado a polifenoles se induce la resistencia y la bioconversión de 
genes por parte de la microbiota (Kemperman y col., 2010). 
 
Actualmente, la mayoría de los estudios sobre el efecto de los polifenoles en la 
microbiota intestinal se han centrado en la población de bacterias predominantes en 
el intestino, esto es, la población anaerobia, sin prestar atención al efecto que dichos 
compuestos tendrían dentro de la población anaerobia facultativa y/o aerobia, que 
aunque minoritaria, es la que está sujeta a una mayor variabilidad entre individuos. 
Es por ello que el último estudio de esta segunda parte de la Tesis Doctoral tuvo como 
principales objetivos aislar e identificar bacterias fecales tolerantes a extractos 
fenólicos procedentes de vino y de pepita de uva, y evaluar la susceptibilidad de las 
bacterias aisladas frente a los extractos fenólicos de estudio. Los resultados relativos a 
este estudio aparecen recogidos en la Publicación IV.2.6. 
 
La identificación de las bacterias aisladas se llevó a cabo mediante la técnica 
MALDI-TOF-MS o en su defecto mediante amplificación y posterior secuenciación del 





(PCR). Los resultados de identificación mostraron que Escherichia coli, Enterococcus 
faecalis y Enterococcus faecium eran las especies predominantes en las muestras 
fecales. Estos resultados están de acuerdo con los obtenidos por Simon y Gorbach 
(1984) que mostraron que los géneros Escherichia, Enterobacter, Enterococcus, 
Klebsiella, Lactobacillus y Proteus son los más abundantes entre la población 
anaerobia facultativa y aerobia de la microbiota intestinal de humanos. Por otro lado, 
también se observó que los extractos fenólicos producían una pérdida en la diversidad 
de especies aisladas, lo que era indicativo de la susceptibilidad de algunos grupos 
bacterianos frente a los extractos. En este sentido se constató que, la mayoría de las 
bacterias aisladas de medios enriquecidos con Vitaflavan® pertenecían a la familia 
Enterobacteriaceae, lo que podría deberse al elevado contenido en procianidinas de 
este extracto, las cuales se ha descrito que seleccionan el crecimiento de especies de la 
familia Enterobacteriaceae y Bacteroides (Smith y col., 2004). Otros autores 
(Yamakoshi y col., 2001) mostraron un efecto contrario, al comprobar que la ingesta 
de un extracto de pepita de uva enriquecido en proantocianidinas producía una 
disminución de especies de la familia Enterobacteriaceae.  
 
Tras el aislamiento e identificación de las bacterias, se evaluó su susceptibilidad 
frente a los extractos fenólicos mediante el cálculo de la concentración mínima 
inhibitoria (CMI), de acuerdo a las recomendaciones de la CLSI. Los resultados 
mostraron que, en general, las bacterias Gram-negativas son mucho más resistentes a 
ambos extractos que las bacterias Gram-positivas. En concreto, las Gram-negativas 
fueron más resistentes al Vitaflavan®, y las Gram-positivas al extracto de vino tinto. 
Es probable que estas diferencias en la susceptibilidad frente a los extractos estén 
influenciadas tanto por su composición fenólica como por las diferencias existentes en 
la estructura de la pared celular entre bacterias Gram-positivas y Gram-negativas 
(Tabasco y col., 2011). En concordancia con los ensayos de fermentación in vitro, estos 
resultados ponen de manifiesto diferencias en la modulación microbiana entre el 
extracto de pepita de uva y el de vino. Por otro lado, otros estudios con extractos de 
pepita de uva han mostrado que son capaces de inhibir el crecimiento de Haemophilus 
influenzae, Lactobacillus spp, S. aureus, Streptococcus salivarius y Streptococcus 






En el caso concreto de E. coli, E. faecalis y E. faecium, la evaluación de la 
susceptibilidad se centró en las bacterias tolerantes a los extractos, siendo las cepas 
de E. coli las que mostraron una mayor resistencia frente a ambos extractos. La 
capacidad de E. coli para mantener la integridad de la membrana (Smith y col., 2005), 
así como la presencia de oxígeno y en consecuencia el estrés oxidativo, podrían 
favorecer el desarrollo de cepas resistentes (Smith y col., 2004). En cuanto a las cepas 
de E. faecalis y E. faecium, se observó que ambas eran más susceptibles al 
Vitaflavan®, lo cual, como se mencionó anteriormente, podría relacionarse con la 
carencia de una membrana externa en la pared celular (Ikigai y col., 1993; Shan y col., 
2007). Por otro lado, cabe destacar que, en general, la resistencia de E. coli, E. faecalis 
y E. faecium frente a los extractos no experimentaba grandes diferencias en función 
de si se trataba de cepas tolerantes al extracto de pepita o al extracto de vino, salvo en 
el caso de E. faecium, en cuyo caso las cepas tolerantes al extracto de vino 
desarrollaron una mayor resistencia frente a ambos extractos, sugiriendo que las 
antocianinas, presentes únicamente en el extracto de vino, serían las responsables de 
seleccionar cepas más resistentes. Por último, resaltar que el efecto de los extractos 
fenólicos entre cepas de la misma especie mostró una gran variabilidad, lo cual podría 
ser un reflejo de la dieta de los voluntarios (Lee y col., 2006). 
 
El conjunto los resultados obtenidos en la segunda parte de la Tesis Doctoral 
han permitido obtener una visión global del efecto de los polifenoles del vino sobre la 
microbiota humana, así como sus posibles implicaciones para la salud. En concreto, a 
nivel de la cavidad oral, los compuestos fenólicos del vino y los extractos de uva y vino 
han demostrado ser capaces de inhibir el crecimiento de microorganismos patógenos 
respiratorios, lo que aporta datos interesantes para su utilización en la prevención de 
infecciones de la cavidad oral. Por otro lado, a nivel intestinal se ha comprobado que el 
catabolismo de los polifenoles del vino da lugar a una amplia gama de metabolitos 
intermediarios y ácidos fenólicos, alguno de los cuales, como es el caso de la 5-(3´,4´-
dihidroxifenil)-γ−valerolactona se ha propuesto como marcador del catabolismo de 
flavan-3-oles. Entre los ácidos fenólicos formados se encuentran ácidos 
fenilpropiónicos, fenilacéticos y benzoicos, que a su vez son capaces de inhibir 
bacterias patógenas intestinales. El catabolismo de los polifenoles del vino está a su 
vez acompañado de cambios en la microbiota intestinal a favor de las bacterias 





determinadas enfermedades. Además, se ha demostrado que entre la población 
anaerobia facultativa y/o aerobia del intestino hay bacterias tolerantes a los 
polifenoles del vino. Por tanto, estos estudios confirman el potencial efecto modulador 



































De este trabajo se obtienen las siguientes conclusiones:  
 
1. Los hongos de la vid, especialmente Alternaria spp., Penicillium citrinum (CIAL-
274,760) (CECT 20782), Phoma spp., E. nigrum y U. chartarum, presentan elevada 
capacidad para degradar las aminas biógenas histamina, tiramina y putresina, en 
medio sintético. El extracto enzimático de la cepa Penicillium citrinum (CIAL-
274,760, CECT 20782) presenta capacidad para degradar aminas biógenas en vinos, lo 
que constituye una nueva aplicación para la mejora de la calidad sanitaria de 
productos fermentados, entre ellos el vino, que de forma natural pueden presentar 
elevadas concentraciones de aminas biógenas.  
 
2. Los hongos del ecosistema de la vid producen compuestos capaces de inhibir 
selectivamente microorganismos patógenos de alimentos, sin afectar a las bacterias 
probióticas, lo que les convierte en potenciales aditivos para la industria alimentaria 
para prevenir el deterioro de los alimentos, así como las infecciones alimentarias. 
 
3. Los ensayos en medio de cultivo han confirmado la capacidad de algunos compuestos 
fenólicos del vino, en especial el ácido gálico y el etilgalato, y de extractos fenólicos 
derivados de uvas o de vino, para inhibir selectivamente el crecimiento de bacterias 
patógenas respiratorias de la cavidad oral (M. catarrhalis, S. aureus, P. aeruginosa, E. 
faecalis, Streptococcus Grupo F, S. agalactiae y S. pneumoniae). 
 
4. En general, los monómeros de flavan-3-oles y las procianidinas no afectan al 
crecimiento de los microorganismos intestinales ensayados (E. coli, Lactobacillus spp., 
S. aureus, P. aeruginosa y C. albicans), mientras que sí lo hacen los metabolitos 
fenólicos derivados del  metabolismo microbiano de los flavan-3-oles, especialmente 
los ácidos benzoico, fenilacético, y fenilpropiónico. Factores como la concentración y 
estructura de los ácidos fenólicos, así como los relacionados con la estructura de la 
pared celular de las cepas, influyen en la susceptibilidad de las cepas frente a los 
polifenoles. 
 
5. En los ensayos de fermentación in vitro se observa que el catabolismo de polifenoles de 
la uva y del vino por bacterias de la microbiota fecal humana genera distintos 





metabolitos, alguno de los cuales, como la 5-(3´, 4´-dihidroxifenil)-γ−valerolactona, 
resulta clave en la velocidad y grado de degradación de los flavan-3-oles, y en 
consecuencia en su biodisponibilidad y potencial bioactividad.  
 
6. Las fracciones monomérica (GSE-M) y dimérica (GSE-O) procedentes del extracto de 
pepita de uva (Vitaflavan®) muestran un efecto similar sobre las poblaciones 
bacterianas de la microbiota intestinal, inhibiendo el crecimiento del microorganismo 
patógeno C. histolyticum, y regulando y/o aumentando el de las bacterias beneficiosas 
y comensales como los lactobacilos/enterococos.  
 
7. A pesar de una evidente interacción entre los polifenoles y la microbiota, el análisis 
estadístico de los resultados no ha permitido establecer ninguna correlación entre los 
cambios observados en las poblaciones microbianas y el perfil metabólico, lo que 
podría deberse a la gran variabilidad interindividual entre los voluntarios, así como a 
un periodo de exposición a los extractos relativamente corto. 
 
8. Algunas especies bacterianas anaerobias facultativas y/o aerobias de la microbiota 
fecal son susceptibles a los polifenoles del vino. Dicha susceptibilidad depende de la 
composición fenólica así como de factores relacionados con la estructura de la pared 
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Inactivation of oenological lactic acid bacteria
(Lactobacillus hilgardii and Pediococcus pentosaceus)
by wine phenolic compounds
A. Garcı´a-Ruiz, B. Bartolome´, C. Cueva, P.J. Martı´n-A´lvarez and M.V. Moreno-Arribas
Instituto de Fermentaciones Industriales (CSIC), Juan de la Cierva, Madrid, Spain
Introduction
During winemaking, malolactic fermentation (MLF)
reduces the acidity of the wine (by the conversion of
l-malic acid into l-lactic acid) and positively contributes
to the microbial stability and organoleptic quality of the
final product (Moreno-Arribas and Polo 2005). This
fermentation is carried out by lactic acid bacteria (LAB)
mainly belonging to the genera Oenococcus, Pediococcus,
Lactobacillus and Leuconostoc. MLF occurs spontaneously
during winemaking or can be induced by starter cultures;
but in any case, the process has to be kept under control
to avoid undesirable bacterial effects. These alterations
include the so-called ‘lactic disease’, the production of
off-flavour compounds (Chatonnet et al. 1995; Costello
and Henschke 2002), and of biogenic amines (Moreno-
Arribas et al. 2000; Landete et al. 2005; Marcobal et al.
2006). Winemaking conditions such as temperature, wine
pH, SO2 content, and ethanol concentration are all
known to influence the MLF development (Boulton et al.
1996). Other wine components, mainly the phenolic
compounds, can also affect the growth of LAB (Vivas
et al. 1997), although this effect is not yet completely
understood.
Wine polyphenols comprise different chemical
structures including anthocyanins, flavan-3-ols, flavonols,
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Aims: To investigate the inactivation properties of different classes of phenolic
compounds present in wine against two wine isolates of Lactobacillus hilgardii
and Pediococcus pentosaceus, and to explore their inactivation mechanism.
Methods and Results: After a first screening of the inactivation potency of 21
phenolic compounds (hydroxybenzoic and hydroxycinnamic acids, phenolic
alcohols, stilbenes, flavan-3-ols and flavonols) at specific concentrations, the
survival parameters (MIC and MBC) of the most active compounds were
determined. For the L. hilgardii strain, the flavonols morin and kaempferol
showed the strongest inactivation (MIC values of one and 5 mg l)1, and MBC
values of 7Æ5 and 50 mg l)1, respectively). For the P. pentosaceus strain, flavo-
nols also showed the strongest inactivation effects, with MIC values between
one and 10 mg l)1 and MBC values between 7Æ5 and 300 mg l)1. Observations
by epifluorescence and scanning electron microscopy revealed that the pheno-
lics damaged the cell membrane and promoted the subsequent release of the
cytoplasm material into the medium.
Conclusions: The antibacterial activity of wine phenolics against L. hilgardii
and P. pentosaceus was dependent on the phenolic compound tested, and led
not only to bacteria inactivation, but also to the cell death.
Significance and Impact of the Study: New information about the inactivation
properties of wine lactic acid bacteria by phenolic compounds is presented. It
opens up a new area of study for selecting ⁄obtaining wine phenolic prepara-
tions with potential applications as a natural alternative to SO2 in winemaking.
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hydroxybenzoic acids hydroxycinnamic acids, stilbenes,
and phenolic alcohols (Fig. 1). Interaction between wine
phenolics and LAB can be considered two-way: LAB can
degrade wine polyphenols into less-complex structure
phenolic metabolites, and, on the other hand, bacteria
growth and metabolism can be affected by wine phenolics
or even by phenolic metabolites produced by other
micro-organisms. The concentration of the phenolic com-
pounds would appear to be critical in this two-way inter-
action, with the bacteria able to tolerate and even to
metabolize the compounds, and ⁄or to be stimulated by
low phenolic concentrations, and thus to be inhibited by
the presence of the phenolic compounds at relatively high
concentrations (Stead 1993).
In relation to the metabolism of wine phenolics by
LAB, most of the studies focus on individual compounds
being transformed by pure bacterial cultures. Hydroxycin-
namic acids (ferulic and p-coumaric acids) are well
known to be transformed into volatile phenols (4-ethyl-
guaiacol and 4-ethylphenol) by different bacteria species
(Cavin et al. 1993; Gury et al. 2004; Couto et al. 2006).
Gallic acid and (+)-catechin have also been reported
to be degraded to different phenolic metabolites by
L. hilgardii (Alberto et al. 2004). Recently, Landete et al.
(2007) have reported the degradation of protocatechuic
acid to catechol by strains of L. plantarum isolated from
different sources including wine. This metabolism seemed
to be carried out by non-inducible enzymes since a cell-
free extract from a culture grown in the absence of the
phenolic was also able to metabolize it (Landete et al.
2007). Some studies in wine have also shown decreases in
the phenolic content after incubation with cells of L. hil-
gardii, which was attributed to the phenolic utilization by
bacteria (Alberto et al. 2004). Besides this, changes in
both the anthocyanin and non-anthocyanin phenolic pro-
files of wines after MLF have been reported (Herna´ndez
et al. 2006, 2008; Cabrita et al. 2008).
Concerning the inhibition of the growth and metabo-
lism of LAB by wine phenolic compounds, most of the
studies refer to O. oeni, the predominant bacteria species
involved in wine MLF. Reguant et al. (2000) have
reported that hydroxycinnamic acids inhibited all growth
of O. oeni at ‡500 mg l)1; p-coumaric and ferulic acids
being more potent inhibitors than caffeic acid. No inhibi-
tory effects against O. oeni were found for gallic acid up
to 1 g l)1, and stimulating effects were observed for (+)-
catechin (£100 mg l)1) and quercetin (£25 mg l)1).
Campos et al. (2003) found inhibitory effects for both
hydroxycinnamic and hydroxybenzoic acids at concentra-
tions of ‡100 mg l)1, the former group being more
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Figure 1 Structure of the phenolic compounds studied.
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potent inhibitors than the latter one. Salih et al. (2000)
also noted that the ester forms of the hydroxycinnamic
acids seemed to be less toxic against O. oeni than the free
forms. Recently, Bloem et al. (2007) reported inhibitory
effects of different simple phenols and phenolic acids
(isoeugenol, eugenol, ferulic acid and vanillic acid)
against O. oeni at a lower concentration (10 mg l)1).
Another phenolic compound found in grape seeds,
())-epigallocatechin gallate, was found to be toxic for
O.oeni at ‡500 mg l)1 (Theobald et al. 2008). More
recently, Figueiredo et al. (2008) reported the inhibitory
effects of different phenolic aldehydes (250 mg l)1)
against O. oeni, showing sinapaldehyde to have the great-
est effect; other aldehydes such as vanillin and syringalde-
hyde did not affect the growth of the bacteria even at the
maximum concentration tested (500 mg l)1). In the same
study, quercetin and kaempferol were found to be active
inhibitors at concentrations of ‡10 mg l)1, but myricetin
(40 mg l)1), (+)-catechin (50 mg l)1) and ())-epicatechin
(50 mg l)1) did not affect the growth of O. oeni (Figuei-
redo et al. 2008). On the other hand, the metabolism of
O. oeni has been seen to be affected by the presence of
wine phenolics as they favour the use of sugars and malic
acid (Vivas et al. 2000; Alberto et al. 2001; Roze`s et al.
2003). Studies with different Lactobacillus species have
also shown inhibitory effects of hydroxybenzoic acids,
hydroxycinnamic acids, flavan-3-ols, flavonols, phenolic
aldehydes and other related compounds (Stead 1993;
Salih et al. 2000; Campos et al. 2003; Landete et al. 2007;
Figueiredo et al. 2008). Some of these studies concluded
that O. oeni seems to be more sensitive to inactivation by
phenolic compounds than L. hilgardii (Campos et al.
2003; Figueiredo et al. 2008). Studies about the effects on
growth of bacteria species from the genera Leuconostoc
(Vivas et al. 1997) and Pediococcus by wine phenolics are
quite scarce. But, in any case, all these studies refer to the
inhibition effects on the bacterial growth of wine pheno-
lics at certain phenolic concentrations, but no determina-
tions of MIC or MBC have been carried out, with the
exception of the study by Landete et al. (2007). Both sur-
vival parameters MIC and MBC can be useful in compar-
ing the inhibitory potency among phenolic structures,
bacteria species, conditions, etc.
The mechanism involved in the inactivation of LAB by
wine phenolics is not yet well understood and may vary
according to the micro-organism (Figueiredo et al. 2008).
From works carried out with pathogenic bacteria, some
authors propose that these compounds can act on pro-
teins of the bacteria cell membrane causing a series of
compounds to leave the cell interior thus producing
losses in K+, glutamic acid, intracellular RNA, etc. as well
as an alteration in the composition of fatty acids (Roze`s
and Perez 1998). Other authors have suggested that
phenols adsorb to cell walls, alter the cell casing and even
other mechanisms that involve interactions with cellular
enzymes (Campos et al. 2003). Recently, a contribution
towards the elucidation of the mechanisms of tannins on
bacteria growth inhibition was made by a combination of
physiologic and proteomic approaches (Bossi et al. 2007).
The effects of tannic acid on cells are deduced by the
involvement of metabolic enzymes, and functional pro-
teins on the tannin–protein interaction. On the other
hand, phenolic compounds are known to serve oxygen
scavenging and reduce the redox potential of wines. This
property has been tentatively suggested to be related to
the effect of phenolics on the growth and metabolism of
LAB (Reguant et al. 2000; Theobald et al. 2008), but to
our knowledge, no relationships between antimicrobial
and antioxidant activities of wine phenolics have been
found so far.
The aim of this study is to investigate the inactivation
properties of different classes of phenolic compounds
present in wine (hydroxybenzoic acids and their deriva-
tives, hydroxycinnamic acids, phenolic alcohols and other
related compounds, stilbenes flavan-3-ols and flavonols)
against two LAB wine isolates of Lactobacillus hilgardii
and Pediococcus pentosaceus. These LAB are considered
wine spoilage species due to their potential ability to
cause organoleptic and hygienic alterations in wine. After
a first screening of the inactivation potency of the pheno-
lics at certain concentrations, the survival parameters
(MIC and MBC) of the most active compounds were
determined. In order to obtain a greater depth of under-
standing of the mechanisms involved, changes in cell via-
bility and cell morphology, after incubation with wine
phenolics, were observed by epifluorescence and scanning
electron microscopy. Additionally, assessment of the oxy-
gen-radical absorbance capacity (ORAC) of the wine
phenolics studied was carried out, and the relationship
between both antibacterial and antioxidant activities was
studied with different statistical techniques.
Materials and methods
Phenolic compounds
Gallic acid, ellagic acid, caffeic acid, (+)-catechin, querce-
tin, trans-resveratrol and myricetin were purchased from
Sigma (St Louis, MO, USA); ethylgallate, methylgallate,
())-epicatechin gallate, ())-epigallocatechin, ())-epigallo-
catechin gallate and isorhamnetin from Extrashynte`se
(Genay, France); ferulic acid from Koch-Light Laborato-
rie Ltd (Colnbrook, Bucks, UK); p-coumaric acid,
())-epicatechin and kaempferol from Fluka (Buchs,
Switherland); sinapic acid, tryptophol and tyrosol
from Aldrich (Steinheim, Germany), and morin from
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Sarshyntex (Merignac, Bordeaux, France). All the pheno-
lic compounds were dissolved in ethanol 60% (v ⁄ v). Cis-
resveratrol was obtained by exposing the trans-resveratrol
solution to UV light (254 nm) (Bartolome´ et al. 2000).
Other chemicals
Potassium metabisulfite (K2S2O5) was purchased from
Panreac Quı´mica S.A. (Barcelona, Spain). For the
antioxidant activity assay, disodium fluorescein (FL) was
purchased from Sigma, and 6-hydroxy-2,5,7,8-tetra-
methylchroman-2-carboxylic acid (Trolox; Aldrich)
and 2,2¢-azobis(2-methyl-propionamidine)-dihydrochlo-
ride (APPH; Aldrich), from Aldrich (St Louis, MO, USA).
Lactic acid bacteria and culture media
The two strains used, Lactobacillus hilgardii IFI-CA 49
and Pediococcus pentosaceus IFI-CA 85, belong to the cul-
ture collection of the Institute of Industrial Fermentations
(CSIC). Both strains were previously isolated from red
wines at the early phase of MLF, and properly identified
by 16S rRNA partial gene sequencing as described by
Moreno-Arribas and Polo (2008). These strains were kept
frozen at )70C in a sterilized mixture of culture
medium and glycerol (50 : 50, v ⁄ v). The culture media
MRS -based on the formula developed by Caspritz and
Radler (1983), and MRS-Agar (containing 1Æ5% of agar)
(pH 6Æ2) were purchased from Pronadisa (Madrid,
Spain). The culture media containing 6% ethanol (MRSE
and MRSE-Agar) were prepared by adding ethanol
(99Æ5%, v ⁄ v) to the sterilized (121C, 15 min) medium.
Antibacterial activity assay
The antibacterial assays were performed using the method
of Lo´pez-Expo´sito et al. (2006) adapted to wine model
conditions (15% ethanol) and phenolic compounds as
inhibitors. Initially, some incubation conditions (i.e. ino-
culum size, incubation time for bacteria growth and incu-
bation time of the bacteria with the antimicrobial agent)
were optimized. Briefly, 100 ll of the de-frozen strain
(Lactobacillus hilgardii IFI-CA 49 and Pediococcus pento-
saceus IFI-CA 85) suspension was added to 10 ml of MRS
medium, incubated at 30C for 48 h, and then 100 ll of
the suspension was plated on MRSE-Agar. Single bacteria
colonies, grown on MRSE-Agar, were inoculated in 10 ml
of MRSE and grown at 30C for 24 h. A total of 300 ll
of the bacterial suspension was diluted with 1 ⁄ 50 MRSE.
Bacteria were grown at 30C and organisms at the end of
the exponential growth phase were harvested at a density
of 1–4 · 108 colony forming units (CFU) ml)1. The pop-
ulation density was determined by measuring the absor-
bance at 620 nm. The culture was then centrifuged at
3000 g for 10 min at 5C. The pellet of bacteria was
washed twice with 10 mmol l)1 of sodium acetate-acetic
acid buffer (pH 4Æ6), and the density adjusted to
106 CFU ml)1. In a sterile 96-well microplate (Greiner
Labortechnik, Frickenhausen, Germany), a total of 50 ll
of the suspension was mixed with 50 ll of the antimicro-
bial agent solution and 100 ll of 10 mmol l)1 sodium
acetate-acetic acid buffer (pH 4Æ6) containing 2% MRSE.
The ethanol concentration in the mixture was 15%. The
mixture was incubated at 30C for 3 and 6 h, and then
plated on MRSE-Agar for colony counting. Assays were
conducted in duplicate. The antimicrobial activity was
expressed as log No ⁄Nf, where No and Nf were the CFU
values corresponding to the bacteria mixtures incubated
without (control) and with the antimicrobial agent,
respectively. In both cases, the ethanol concentration in
the mixtures was the same.
The antibacterial activity of the compounds against
Lactobacillus hilgardii IFI-CA 49 and Pediococcus pentosac-
eus IFI-CA 85 was initially determined at 0Æ1 and 1 g l)1
for all the phenolics, except for ellagic acid and flavonols,
whose concentration was fixed at 0Æ01 and 0Æ1 g l)1 to
ensure complete solubility in the medium.
Determination of MIC and MBC
The MIC was defined as the smallest amount of antimi-
crobial agent needed to reduce 10–50 times the popula-
tion of micro-organism of the original inoculum [log
(No ⁄Nf) = 1–1Æ7] after incubation for 3 and 6 h. The
MBC was determined as the minimal concentration of
the antimicrobial agent that killed over 99Æ9% of the
initial inoculum after incubation for 3 and 6 h. Assays
were conducted in duplicate.
Fluorescence microscopy
Cells were observed and photographed with a DM2500
epifluorescence microscope (Leica, Heerbrugg, Switzer-
land). The LIVE ⁄DEAD BacLight bacterial Viability Kits
L7012 (Invitrogen, OR, USA) were used to assess mem-
brane integrity by selective nucleic acid staining. The kit
contains two dyes: SYTO 9 (fluorescent green) that pene-
trates and labels all bacteria, and propidium iodide (fluo-
rescent red) that penetrates only bacteria with damaged
membranes, and in these cells suppresses SYTO 9 stain-
ing. As a result, live cells stain fluorescent green, and dead
cells stain fluorescent red. The bacteria suspension
(106 CFU ml)1) was mixed with the antimicrobial agent
solution and the sodium acetate-acetic acid buffer
(10 mmol l)1, pH 4Æ6) containing 2% MRSE in the pro-
portion indicated above, and was incubated for 3 h at
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30C. After this time, 1 ml of the mixture was mixed with
3 ll of the stain mixture (SYTO 9-propidium iodide,
1 : 1, v ⁄ v). After 15 min of incubation in the dark at
room temperature, green and red cells were counted
under a fluorescence microscope with a long-pass filter
(excitation, 420–490 nm; emission, 515 nm). A control
without the antimicrobial agent but with the same %
ethanol, was carried out in the same way.
Electron microscopy
Bacteria incubated without or with the antimicrobial
agent for 6 h were fixed on the culture plate with 4%
p-formaldehyde (Merck, Darmstadt, Germany) and 2%
glutaraldehyde (SERVA, Heidelberg, Germany) in
0Æ05 mol l)1 cacodylate buffer (pH 7Æ4) for 120 min at
room temperature. Cells were then carefully scraped from
the plate, centrifuged at 3000 g for 5 min and the washed
pellet post-fixed with 1% OsO4 and 1% K3Fe(CN)6 in
water for 60 min at 4C. Cells were dehydrated with etha-
nol and embedded in Epon (TAAB 812 resin, TAAB
Laboratories Equipment Ltd) according to standard
procedures. Ultra thin sections were collected on collo-
dion-carbon coated copper grids, stained with uranyl
acetate and lead citrate and examined at 80 kV in a
JEM 1010 (Jeol, Tokyo, Japan) electron microscope.
Electron micrographs were recorded at different orders of
magnitude.
Antioxidant activity
The radical scavenging activity of the phenolic compounds
was determined by the ORAC method using fluorescein as
a fluorescence probe (Da´valos et al. 2004). Briefly, the
reaction was carried out at 37C in 75 mmol l)1 phosphate
buffer (pH 7Æ4). The final assay mixture (200 ll) contained
fluorescein (70 nmol l)1), 2,2¢-azobis(2-methyl-propio-
namidine)-dihydrochloride (12 mmol l)1), and antioxi-
dant [Trolox (1–8 lmol l)1) or phenolic compound (at
different concentrations)]. A Polarstar Galaxy plate reader
(BMG Labtechnologies GmbH, Offenburg, Germany) with
485-P excitation and 520-P emission filters was used. The
equipment was controlled by the Fluostar Galaxy
software version (4Æ11-0) for fluorescence measurement.
Black 96-well untreated microplates (Nunc, Denmark)
were used. The plate was automatically shaken before the
first reading and the fluorescence was recorded every
minute for 98 min. 2,2¢-Azobis (2-methyl-propionami-
dine)-dihydrochloride and Trolox solutions were prepared
daily and fluorescein was diluted from a stock solution
(1Æ17 mmol l)1) in 75 mmol l)1 phosphate buffer (pH
7Æ4). All reaction mixtures were prepared in duplicate and
at least three independent runs were performed for each
sample. Fluorescence measurements were normalized to
the curve of the blank (no antioxidant). From the normal-
ized curves, the area under the fluorescence decay curve





where f0 is the initial fluorescence reading at 0 min
and fi is the fluorescence reading at time i. The net
AUC corresponding to a sample was calculated as
follows:
net AUC ¼ AUCantioxidant  AUCblank
The net AUC was plotted against the antioxidant concen-
tration and the regression equation of the curve was
calculated. The ORAC value was obtained by dividing
the slope of the latter curve by the slope of the Trolox
curve obtained in the same assay. Final ORAC values
were expressed as lmol of Trolox equivalents per mg of
compound.
Statistical analysis
To examine the relationships between the activities stud-
ied, principal component analysis (from standardized
variables) using the statistica program for Windows,
ver. 7.1 (StatSoft Inc. 1984–2006, http://www.statsoft.
com) was carried out for data processing.
Results
Antibacterial activities of wine phenolic compounds
Most of the phenolic compounds used in this study occur
naturally in wine and were chosen because of their differ-
ent functional group and ⁄or ring substituents (Fig. 1), in
an attempt to relate the phenolic chemical structure to
their effects on cell viability of LAB. Other phenolic struc-
tures not present in wine [morin, ())-epigallocatechin
and ())-epigallocatechin gallate] were also studied for
their structural similarities. At the maximum concentra-
tion tested (1 g l)1 for all the phenolics, except for ellagic
acid and flavonols, whose maximum concentration tested
was 0Æ1 g l)1) most of the phenolic compounds showed
inhibition of growth for both L. hilgardii and P. pentosac-
eus strains, with the exception of ellagic acid, methyl
gallate, sinapic acid, (+)-catechin, ())-epigallocatechin,
())-epicatechin gallate, ())-epigallocatechin gallate and
quercetin, that did not exhibit any effect for both strains
(Table 1). Only in the case of L. hilgardii, there was no
indication of inhibitory effects by ferulic acid, tyro-
sol, ())-epicatechin, myricetin and isoramnetin. At the
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minimum concentration tested (0Æ01 g l)1), morin was
the compound that showed the highest inhibition effect
(higher Log No ⁄Nf) (Table 1).
In general, the Log No ⁄Nf values were similar or
slightly higher for the determinations after 3 h than after
6 h of bacterial exposure to the phenolic compounds,
which indicated that inactivation persisted at least for
6 h. It was also found that P. pentosaceus IFI-CA 85 was
more sensitive to phenolic inactivation than L. hilgardii
IFI-CA 49; in other words, the L. hilgardii strain was
more resistant to the action of these compounds.
In an attempt to establish the extent to which phenolic
compounds can affect LAB growth during wine-making
and to allow a better comparison of the phenolic inhibi-
tory potency among phenolic structures, bacteria species,
conditions, etc. the survival parameters (MIC and MBC)
were determined for the active compounds reported
above (Table 2). For the L. hilgardii strain, the flavonols
morin and kaempferol showed the strongest inactivation
effect; this is to say, the lowest MIC (1 and 5 mg l)1,
respectively) and MBC (7Æ5 and 50 mg l)1, respectively)
values. The rest of the compounds studied exhibited
values around 100-fold higher for MIC (125–500 mg l)1)
and around 50-fold higher for MBC (300–2000 mg l)1).
The order among compounds was almost the same
for the two survival parameters MIC (morin < kaem-
pferol << resveratrol < gallic acid £ caffeic acid < p-cou-
maric acid < tryptophol = ethyl gallate) and MBC
(morin < kaempferol << gallic acid < caffeic acid <
p-coumaric acid < resveratrol < tryptophol < ethyl gal-
late) (Table 2). For the P. pentosaceus strain, flavonols
also showed the strongest inactivation effects, with MIC
values between 1 and 10 mg l)1 and MBC values between
7Æ5 and 300 mg l)1. The other phenolic compounds
Table 1 Antibacterial activity of the phenolic compounds studied against Lactobacillus hilgardii and Pediococcus pentosaceus at the
concentrations of 10, 100 and 1000 mg l)1
Antimicrobial activity (expressed as log No ⁄Nf)
L. hilgardii IFI-CA 49 P. pentosaceus IFI-CA 85
1000 mg l)1 100 mg l)1 10 mg l)1 1000 mg l)1 100 mg l)1 10 mg l)1
3 h 6 h 3 h 6 h 3 h 6 h 3 h 6 h 3 h 6 h 3 h 6 h
Compounds
Hydroxybenzoic acids and esters
Gallic acid 3Æ63 3Æ16 n.e. n.e. 5Æ56 5Æ43 0Æ80 0Æ78
Ellagic acid n.e. n.e. n.e. n.e. n.e. n.e. n.e. n.e.
Ethyl gallate 3Æ16 3Æ26 n.e. n.e. 5Æ41 5Æ48 1Æ03 0Æ50
Methyl gallate n.e. n.e. n.e. n.e. n.e. n.e. n.e. n.e.
Hydroxycinnamic acids
Ferulic acid n.e. n.e. n.e. n.e. 6Æ60 6Æ31 1Æ97 1Æ75
p-Coumaric acid 6Æ33 5Æ81 n.e. n.e. 6Æ08 6Æ04 0Æ96 0Æ58
Caffeic acid 6Æ14 6Æ13 n.e. n.e. 6Æ20 6Æ01 n.e. n.e.
Sinapic acid n.e. n.e. n.e. n.e. n.e. n.e. n.e. n.e.
Phenolic alcohols
Tyrosol n.e. n.e. n.e. n.e. 2Æ36 2Æ00 1Æ13 1Æ55
Tryptophol 5Æ16 2Æ79 0Æ71 1Æ21 5Æ60 4Æ18 n.e. n.e.
Stilbenes
trans-Resveratrol 6Æ46 5Æ84 n.e. n.e. 6Æ07 5Æ80 1Æ93 1Æ55
Flavan-3-oles
(+)-Catechin n.e. n.e. n.e. n.e. n.e. n.e. n.e. n.e.
())-Epicatechin n.e. n.e. n.e. n.e. 2Æ52 2Æ92 n.e. n.e.
())-Epigallocatechin n.e. n.e. n.e. n.e. n.e. n.e. n.e. n.e.
())-Epicatechin gallate n.e. n.e. n.e. n.e. n.e. n.e. n.e. n.e.
())-Epigallocatechin gallate n.e. n.e. n.e. n.e. n.e. n.e. n.e. n.e.
Flavonols
Quercetin n.e. n.e. n.e. n.e. n.e. n.e. n.e. n.e.
Myricetin n.e. n.e. n.e. n.e. 2Æ21 2Æ31 1Æ02 1Æ02
Kaempferol 6Æ03 5Æ83 1Æ90 2Æ20 6Æ20 6Æ03 2Æ04 2Æ56
Isorhamnetin n.e. n.e. n.e. n.e. 2Æ10 4Æ71 1Æ63 1Æ27
Morin 6Æ79 6Æ47 6Æ79 6Æ47 6Æ50 6Æ40 6Æ40 6Æ30
n.e., no effect was observed.
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showed values of 50–250 mg l)1 for MIC and 300–
2000 mg l)1 for MBC. The order among compounds was:
morin < kaempferol < myricetin = isorhamnetin < resve-
ratrol = ferulic acid< tyrosol < caffeic acid < trypto-
phol < ())-epicatechin= gallic acid = p-coumaric acid =
ethyl gallate for MIC, and morin < kaempferol = myrice-
tin < isorhamnetin < resveratrol < caffeic acid < ferulic
acid < gallic acid = p-coumaric acid < tryptophol < ethyl
gallate < tyrosol = ())-epicatechin for MBC (Table 2).
For this latter strain, it was proven that there were no
differences in the survival parameters between the two
isomeric forms trans and cis of resveratrol (data not
shown). As seen in the experiment of bacteria inactivation
at certain phenolic concentrations (Table 1), the MIC and
MBC values were, in general, similar or slightly higher for
the determinations after 3 h than after 6 h of bacteria
exposure to the phenolic compounds for both L. hilgardii
and P. pentosaceus strains (Table 2). The strain P. pento-
saceus IFI-CA 85 seemed more sensitive to phenolic inac-
tivation than L. hilgardii IFI-CA 49. For instance, ferulic
acid, tyrosol, ())-epicatechin, myricetin and isorhamnetin
exhibited inhibitory and bactericide effects against
P. pentosaceus, but did not affect the growth of the tested
strain of L. hilgardii. For other compounds, such as
morin and trans-resveratrol, P. pentosaceous showed MIC
values from one to two-fold dilution orders lower than
those shown by L. hilgardii (Table 2).
Additionally, MIC and MBC values of potassium meta-
bisulfite (K2S2O5) were determined. For the L. hilgardii
strain, this chemical showed a MIC value of 25 mg l)1 for
both 3 and 6 h of bacteria exposure, and a MBC value of
500 and 200 mg l)1 for 3 and 6 h, respectively. For the
P. pentosaceus strain, the MIC value was 75 mg l)1 for
both 3 and 6 h, and the MBC was 600 and 500 mg l)1
for 3 and 6 h, respectively.
Comparatively, K2S2O5 showed MIC and MBC values
around 5–15-fold higher than those corresponding to
kaempferol, but around 2–5-fold lower than resveratrol; this
is to say, potassiummetabisulfite was less toxic for the bacte-
rial cells than kaempferol, but more toxic than resveratrol.
Microscopy study
Epifluorescence and scanning electron microscopy tech-
niques were applied to observe changes in cell viability
and cell morphology after incubation of the LAB with
wine phenolics. As examples, Figs 2 and 3 display the
micrographs of P. pentosaceus cells incubated with two
of the most active wine phenolics, kaempferol and trans-
resveratrol, at their MBCs (100 and 300 mg l)1, respec-
tively). Micrographs corresponding to the controls and
the incubations of LAB with potassium metabisulfite
(600 mg l)1) were also included. Under epifluorescence
microscopy, the cells from the control (Fig. 2a) and
from the incubation with potassium metabisulfite
(Fig. 2b) shown green fluorescence. However, the num-
ber of viable cells seemed lower in the experiment trea-
ted with potassium metabisulfite (Fig. 2b). Wine
phenolics were showed to damage the bacteria cell mem-
brane, leading to red fluorescence (Fig. 2c,d). In addi-
tion, some cell aggregation was observed when the
bacteria were incubated with kaempferol (Fig. 2c), a
compound that also presented a visible yellow fluores-
cence by itself (micrograph not shown).
Table 2 MIC and MBC of the phenolic compounds studied against Lactobacillus hilgardii and Pediococcus pentosaceus
L. hilgardii IFI-CA 49 P. pentosaceus IFI-CA 85
MIC (mg l)1) MBC (mg l)1) MIC (mg l)1) MBC (mg l)1)
3 h 6 h 3 h 6 h 3 h 6 h 3 h 6 h
Compounds
Gallic acid 300 300 1800 1600 200 200 1000 800
Ethyl gallate 500 500 2000 2000 200 200 1500 1250
Ferulic acid 50 50 900 900
p-Coumaric acid 400 400 1000 1000 200 200 1000 800
Caffeic acid 300 400 900 800 170 170 700 700
Tyrosol 70 70 2000 2000
Tryptophol 500 500 1800 1800 250 100 1400 1250
trans-Resveratrol 125 125 1100 1100 50 50 300 200
())-Epicatechin 200 200 2000 2000
Myricetin 10 10 >100 >100
Kaempferol 5 5 50 50 5 5 100 100
Isorhamnetin 10 10 >300 300
Morin 1 1 7Æ5 7Æ5 1 1 7Æ5 7Æ5
>100, >300 indicate that the MBC must be higher than these values, but it was no possible to test higher concentrations due to lack of solubility
LAB inactivation by wine phenolics A. Garcı´a-Ruiz et al.
1048 Journal compilation ª 2009 The Society for Applied Microbiology, Journal of Applied Microbiology 107 (2009) 1042–1053
ª 2009 The Authors
Confirmation of the harmful effects of wine phenolics
in the integrity of the cell membrane was obtained by
scanning electron microscopy (Fig. 3c,d). The electron
micrograph showed that the treatment with kaempferol at
its MBC (100 mg l)1) produced breakdown of the cell
membrane and the subsequent release of the cytoplasm
material into the medium. The membranes of the cells
from the control (Fig. 3a) and from the incubation with
(a) (b)
(c) (d)
Figure 2 Epifluorescence micrographs (400·)
of Pediococcus pentosaceus IFI-CA 85 non-
incubated and incubated with antimicrobial
agents for 3 h: (a) control, (b) incubation
with potassium metabisulfite (600 mg l)1),
(c) incubation with kaempferol (100 mg l)1)






1 µm 0·2 µm
Figure 3 Electron micrographs of ultrathin
sections of Pediococcus pentosaceus IFI-CA
85 non-incubated and incubated with antimi-
crobial agents. (a) control, (b) incubation with
potassium metabisulfite (600 mg l)1), (c) incu-
bation with kaempferol (100 mg l)1) and (d)
incubation with kaempferol (100 mg l)1).
Bars = 1 lm (a–c), 0Æ2 lm (d).
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potassium metabisulfite (600 mg l)1) (Fig. 3b) were com-
plete, with the cytoplasm being intact and homogeneously
distributed.
Antioxidant activities of phenolic compounds
The ORAC values of the phenolic compounds studied
ranged from 10Æ1 lmol Trolox ⁄mg for gallic acid to 47Æ6
for trans-resveratrol (Table 3). Some features of the phe-
nolic chemical structure seemed to influence the antioxi-
dant activity of the different compounds. For instance,
esters (methyl and ethyl gallates) showed higher ORAC
values than their corresponding free acid (gallic acid).
Methoxylation of the aromatic ring reduced the antioxi-
dant activity of phenolic acid (caffeic acid > ferulic acid).
The relationship between the antibacterial activity
(MBC values; Table 2) against L. hilgardii and P. pento-
saceus and the antioxidant activity (ORAC values;
Table 3) of the phenolic compounds was investigated by
correlation analysis, but a non-significant correlation was
obtained for both the L. hilgardii (r = )0Æ3286,
P = 0Æ427) and the P. pentosaceus (r = 0Æ2265, P = 0Æ457)
strains. Principal component analysis was also applied to
study the interrelation between the antibacterial and anti-
oxidant variables (MICs, MBCs and ORAC) considering
those phenolic compounds which were most active
against both bacteria. Figure 4 displays the distribution of
the different phenolic compounds in the plane defined by
the first two principal components. The two first princi-
pal components explained 93Æ3% of the total variance of
the data. The first principal component, which explains
74Æ4% of the total variance, was negatively correlated to
antimicrobial activity (MIC and MBC values, see loadings
in the Fig. 4). The second principal component, which
explains 18Æ9% of the total variance, was mainly corre-
lated to antioxidant activity ()0Æ901). The two flavanols
(morin and kaempferol) were located close together on
the right central zone of the plane (high value for PC1
and intermediate for PC2) (Fig. 4). Gallic acid and
its ethyl ester were also located together in the left
central-upper zone of the plane (low value for PC1 and
medium-high value for PC2). The rest of the compounds
(tryptophol, p-coumaric acid, caffeic acid and trans-resve-
ratrol), all exhibiting a C=C bond conjugated with the
aromatic ring, were located in the lower part of the plane
(low value for PC2). However, they clearly differ in their
PC1 value, which can be related to other chemical struc-
ture features such as the number of phenolic rings (i.e.
two in the case of resveratrol). These results prove simi-
larities and differences among phenolic classes in relation
to their antimicrobial and antioxidant properties.
Discussion
This study reports new knowledge about the inactivation
by the main phenolic compounds present in wine, of less-
studied LAB species, Lactobacillus hilgardii and Pediococ-
cus pentosaceus that may affect wine organoleptic and
hygienic properties during winemaking. Cultures were
grown in ethanol-containing media in order to simulate
the wine environment. Another important contribution of
this work is the determination of the survival parameters
MIC and MBC for wine phenolic compounds against
LAB, which allows a better comparison of the results
among different studies as well as a more accurate assess-
ment of the effects of these compounds on the growth of
LAB during winemaking.
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Figure 4 Plot of the phenolic compounds in the plane defined by the
two first principal components.
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The results reported here show that the antibacterial
activity of wine phenolics against L. hilgardii IFI-CA 49
and P. pentosaceus IFI-CA 85 was strongly dependent on
phenolic structure. The most active compounds belong to
the flavonol class, although some of them (e.g. quercetin)
did not exhibit any effect at the concentrations tested. In
a recent study, Figueiredo et al. (2008) have shown that
there are no effects of kaempferol, myricetin and querce-
tin (10 mg l)1) on the growth of L. hilgardii, which agrees
with the present study. Concerning stilbenes, this study
shows that isomerization reactions (from the trans to the
cis form) did not seem to affect the antibacterial activity
of resveratrol, the most abundant stilbene found in wine.
The alcohols tyrosol and tryptophol are metabolites,
which have been respectively formed from tyrosine and
tryptophan during yeast fermentation. Both of these
have also shown certain inactivation potential against
L. hilgardii and P. pentosaceus. In relation to hydroxycin-
namic acids, our results for L. hilgardii agreed with
those reported by Campos et al. (2003), who found that
different hydroxycinnamic and hydroxybenzoic acids
showed significant inactivation effects at concentrations
‡500 mg l)1, the former group being more potent inhibi-
tors than the latter one. In that study, p-coumaric acid
caused the greatest decrease in cell viability, and ferulic
acid did not show any effect. From our results concerning
hydroxycinnamic acids, p-coumaric and caffeic were the
most potent inhibitors, whereas ferulic and sinapic acids
were inactive against L. hilgardii. Some features of the
hydroxybenzoic acid structure also seemed to influence
their antimicrobial properties against L. hilgardii and
P. pentosaceus. Ethylation, and in particular methylation
and dimerization of gallic acid, reduced its inactivation
potential against these two bacteria. Finally, none of the
flavan-3-ol monomers and gallates tested seemed to exert
any effects on the growth of L. hilgardii and P. pento-
saceus. Figueiredo et al. (2008) also observed no effects
of (+)-catechin (£50 mg l)1) and ())-epicatechin (£12Æ5
mg l)1) on the growth of L. hilgardii. Therefore, not only
the phenolic class (hydroxybenzoic and hydroxycinnamic
acids, phenolic alcohols, stilbenes, flavan-3-ols and
flavonols) but also the substituents of the phenolic chemi-
cal structure conditioned the antimicrobial properties of
wine phenolic compounds against L. hilgardii and
P. pentosaceus.
The results also confirmed differences in bacteria sus-
ceptibility to polyphenols among different LAB genera
and species. In our case, P. pentosaceus IFI-CA 85 was
more sensitive to phenolic inactivation than L. hilgardii
IFI-CA 49. Other authors have proven that L. hilgardii is
also more resistant to the action of hydroxybenzoic and
hydroxycinnamic acids (Campos et al. 2003) and phenolic
aldehydes, flavonoids and tannins (Figueiredo et al. 2008)
than O. oeni. However, by comparing our data with pre-
vious MIC values for L. plantarum (Landete et al. 2007),
it can be seen that this species is even more resistant to
the action of phenolic compounds such as p-coumaric
(MIC = 2000–4000 mg l)1) and caffeic acid (9000–
18 000 mg l)1), than the strain of L. hilgardii used in this
study (MIC = 400 and 300 mg l)1 for p-coumaric and
caffeic acids, respectively).
The mechanisms by which polyphenols inhibit the
growth of LAB are not well known. The observations of
the cells of P. pentosaceus by epifluorescence and scanning
electron microscopy, reported in this work, indicate that
wine phenolics seem to damage the bacteria cell mem-
brane, which promotes cell death, probably due to altera-
tions in transport and energy-dependent processes, and
metabolic pathways that are essential for bacteria viability,
as reported for other inhibition agents against other LAB
species (Ibrahim et al. 1996). It is likely that hydrophobic
interactions between membrane lipids and phenolic com-
pounds are involved in this inactivation. The results also
show that enological LAB may aggregate in the presence
of certain phenolic compounds such as kaempferol. This
compound would strongly adhere to the cell membrane,
causing its degradation and, therefore, loss of cell viabi-
lity. The formation of bacterial aggregates has also been
reported in studies dealing with other microbial agents
such as peptides from dairy proteins and lysozyme with
bactericide effect against Gram-negative (i.e. Escherichia
coli) and Gram-positive (i.e. Staphylococcus aureus)
species, respectively (Ibrahim et al. 1996).
Potassium metabisulfite (K2S2O5), the additive usually
used in winemaking because its antioxidant and selective
antibacterial effect, showed, in our antimicrobial assays,
MIC and MBC values for L. hilgardii and P. pentosaceus
in the range of those reported by Rojo-Bezares et al.
(2007) for other wine LAB. As seen by microscopy, potas-
sium metabisulfite does not lead to cell membrane lysis
but affects cell viability. This is in accordance to the
results reported by Millet and Lonvaud-Funel (2000),
who found that after MLF, and in the following days after
sulfiting, O.oeni cells entered in a viable but non-cultur-
able (VBNC) state and were no longer culturable on
nutrient plates, although they retained some metabolic
activity. Evidence of this viable but nonculturable state
has also been shown in yeast in botrytis-affected wines
(Divol and Lonvaud-Funel 2005) and it also seems to be
induced by other sulfite-alternative antimicrobial agents
such as dimethyldicarbonate (DMDC) (Divol et al. 2005).
During wine aging in oak barrels, some micro-organisms
were also able to move from the VBNC to the viable
state. The results obtained in this work suggested that the
phenolic compounds exhibit different antibacterial mech-
anisms to those reported for potassium metabisulfite,
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since they not only inactivate the bacteria but also lead to
the cell death, although further research is needed to
confirm it.
The antioxidant properties of the phenolic compounds
have been tentatively related to their effect on the
growth and metabolism of LAB (Reguant et al. 2000;
Theobald et al. 2008). However, the results of this study
show that there is no linear correlation between the
antibacterial activity (MBC values) and the antioxidant
activity (ORAC values) of the different phenolic struc-
tures studied. Nevertheless, principal component analysis
of both antibacterial and antioxidant variables allowed
distribution of the phenolic compounds according to
their structural similarities. In seeking for new alterna-
tives to sulfites, both antibacterial and antioxidant prop-
erties should be addressed (Garcı´a-Ruiz et al. 2008). The
results confirm the potential of phenolic com-
pounds ⁄ extracts to be used as an alternative to sulfites
in winemaking.
Phenolic compound concentration in wines is condi-
tioned by grape factors (variety, quality of the harvest,
soil, climate, etc.) and winemaking conditions (macera-
tion time, temperature, contact with skins and seeds,
pressing, etc.). It can be said that the concentrations in
wine of most of the phenolic compounds studied in this
study are significantly lower than the MIC values against
L. hilgardii and P. pentosaceus. This is the case, for
instance, of gallic acid (10–37 mg l)1 in young red
wines), p-coumaric acid (0Æ1–8 mg l)1), caffeic acid
(0Æ3–33 mg l)1), tyrosol (7–26 mg l)1), tryptophol (<4Æ5
mg l)1), resveratrol (0Æ4–2Æ5 mg l)1) and ())-epicatechin
(10–38 mg l)1) (Garcı´a-Ruiz et al. 2008). However, the
flavonols exhibit MIC values closer to their concentration
in young red wine: myricetin (1Æ7–8 mg l)1), kaempferol
(<1 mg l)1), isorhamnetin (<1 mg l)1) (Garcı´a-Ruiz et al.
2008). Therefore, it is unlikely that a phenolic compound
alone could affect the LAB growth at the concentrations
found in wine, but both additive and synergistic effects
among all phenolic compounds (150–400 mg l)1 for
white wines and 900–1400 mg l)1 for young red wines;
Garcı´a-Ruiz et al. 2008) may promote inactivation of
LAB in the wine environment. Further inhibition
studies using wine phenolic preparations should be
carried out, in order to establish the extent to which these
compounds can affect LAB growth and MLF during
winemaking.
In summary, this work reports a complete study of the
effect of the main classes of wine phenolic compounds on
the growth of two strains of Lactobacillus hilgardii and
Pediococcus pentosaceus. Novel and useful information
about survival parameters, structure ⁄ activity relationship
and mechanisms of action of wine phenolic compounds
against these two species is provided.
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